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Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 

(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 

Supply 

Voltage 

(V) 


Equivalent 
Device 


MSM3764A-12 


64k 


Dynamic 


65,536x1 


16 


120 


230 


330/28 


+5 




MSM3764A-15 


150 


260 


303/28 


MSM41256A-10 


256k 


Dynamic 


262,144x1 


16 


100 


200 


303/28 


+5 




MSM41256A-12 


120 


220 


275/28 


MSM41256A-15 


150 


260 


248/28 


MSM41257A-10 


256k 


Dynamic 


262,144x1 


16 


100 


200 


330/28 


+5 




MSM41257A-12 


120 


220 


303/28 


MSM41257A-15 


150 


260 


275/28 


MSM41464-10 


256k 


Dynamic 


65,536x4 


18 


100 


200 


385/28 


+5 




MSM41464-12 


120 


230 


358/28 


MSM41464-15 


150 


260 


330/28 


MSM51C256-80 


256k 


Dynamic 


262,144x1 


16 


80 


145 


330/20 


+5 




MSM51C256-10 


100 


175 


275/20 


MSM51C256-12 


120 


205 


248/20 


MSM511000A-70 


1M 


Dynamic 


1,048,576x1 


18 
26 
20 


70 


140 


468/5.5 


+5 




MSM511000A-80 


80 


160 


413/5.5 


MSM511000A-10 


100 


190 


358/5.5 


MSM5110(X)A-8A 


80 


160 


413/5.5 


MSM511000A-1A 


100 


190 


358/5.5 


MSM511001A-70 


1M 


Dynamic 


1,048,576x1 


18 
26 
20 


70 


140 


468/5.5 


+5 




MSM511001A-80 


80 


160 


413/5.5 


MSM511001A-10 


100 


190 


358/5.5 


MSM511001A-8A 


80 


160 


413/5.5 


MSM511001A-1A 


100 


190 


358/5.5 


MSM511002A-70 


1M 


Dynamic 


1,048,576x1 


18 
26 
20 


70 


140 


468/5.5 


+5 




MSM511002A-80 


80 


160 


413/5.5 


MSM511002A-10 


100 


190 


358/5.5 


MSM511002A-8A 


80 


160 


413/5.5 


MSM511002A-1A 


100 


190 


358/5.5 


MSM514256A-70 


1M 


Dynamic 


262,144x4 


20 
26 


70 


140 


468/5.5 


+5 




MSM514256A-80 


80 


160 


413/5.5 


MSM514256A-10 


100 


190 


358/5.5 


MSM514256A-8A 


80 


160 


413/5.5 


MSM514256A-1A 


100 


190 


358/5.5 
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Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


1 

Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 

(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equivalent 
Device 


MSM514258A-70 


1M 


Dynamic 


262,144x4 


20 

26 
20 


70 


140 


468/5.5 


+5 




MSM514258A-80 


80 


160 


413/5.5 


MSM514258A-10 


100 


190 


358/5.5 


MSM514258A-8A 


80 


160 


413/5.5 


MSM514258A-1A 


100 


190 


358/5.5 


MSM514100-80 


4M 


Dynamic 


4,194,304x1 


18 
26 
20 


80 


160 


495/5.5 


+5 




MSM514100-8A 


80 


160 


495/5.5 


MSM514100-10 


100 


190 


440/5.5 


MSM514102-80 


4M 


Dynamic 


4,194,304x1 


18 
26 
20 


80 


160 


495/5.5 


+5 




MSM514102-8A 


80 


160 


495/5.5 


MSM514102-10 


100 


190 


440/5.5 


MSM5 14400-80 


4M 


Dynamic 


1 ,048,576x4 


20 
26 
20 


80 


160 


495/5.5 


+5 




MSM514400-8A 


80 


160 


495/5.5 


MSM5 14400- 10 


100 


190 


440/5.5 


MSM5 14402-80 


4M 


Dynamic 


1,048,576x4 


20 
26 
20 


80 


160 


495/5.5 


+5 




MSM514402-8A 


80 


160 


495/5.5 


MSM51 4402-10 


100 


190 


440/5.5 



• SIP/SIMM MODULE 
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Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 

(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equivalent 
Deviqe 


MSC2304-10 
YS8/KS8 


2M 


Socket 

Insertable 

Module 


262,144x8 


30 


100 


200 


2640/220 


+5 




MSC2304-12 
YS8/KS8 


120 


220 


2420/220 


MSC2304-15 
YS8/KS8 


150 


260 


2200/220 


MSC2304-10 
YS9/KS9 


2M 


Socket 

Insertable 

Module 


262,144x8 


30 


100 


200 


2970/248 


+5 




MSC2304-12 
YS9/KS9 


120 


220 


2723/248 


MSC2304-15 
YS9/KS9 


150 


260 


2475/248 


MSC2307-10 
YS9/KS9 


2M 


Socket 

Insertable 

Module 


262,144x8 


30 


100 


200 


2970/248 


+5 




MSC2307-12 
YS9/KS9 


120 


220 


2723/248 


MSC2307-15 
YS9/KS9 


150 


260 


2475/248 


MSC2312A-80 


9M 


Socket 

Insertable 

Module 


1,048,576x9 


30 


80 


160 


3713/49.5 


+5 




MSC2312A-10 


100 


190 


3218/49.5 


MSC2312A-8A 


80 


160 


3713/49.5 


MSC2312A-1A 


100 


190 


3218/49.5 


MSC2313A-80 


8M 


Socket 

Insertable 

Module 


1,048,576x8 


30 


80 


160 


3300/44.0 


+5 




MSC2313A-10 


100 


190 


2860/44 


MSC2313A-8A 


80 


160 


3300/44 


MSC2313A-1A 


100 


190 


2860/44 


MSC2320A-80 


8M 


Socket 

Insertable 

Module 


262,144x36 


72 


80 


160 


4410/99 


^5 




MSC2320A-10 


100 


190 


3780/99 


MSC2320A-8A 


80 


160 


4410/99 


MSC2320A-1A 


100 


190 


3780/99 


MSC2321A-80 


16M 


Socket 

Insertable 

Module 


524,288x36 


72 


80 


160 


4568/198 


+5 




MSC2321A-10 


100 


190 


3938/198 


MSC2321A-8A 


80 


160 


4568/198 


MSC2321A-1A 


100 


190 


3938/198 


MSC2328A-80 


2M 


Socket 

Insertable 

Module 


262,144x8 


30 


80 


160 


825/198 


+5 




MSC2328A-10 


100 


190 


715/198 


MSC2328A-8A 


80 


160 


825/198 


MSC2328A-1A 


100 


190 


715/198 


MSC2340-80 
YS9/KS9 


4M 


Socket 

Insertable 

Module 


4,194,304x9 


30 


80 


160 


4455/49.5 


+5 




MSC2340-8A 
YS9/KS9 


80 


160 


4455/49.5 


MSC2340-10 
YS9/KS9 


100 


190 


3960/49.5 



M 




■ IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS ■- 

• CMOS STATIC RAMS 



Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 
(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equiva- 
lent 
Device 


MSM5165AL-10 


64k 


Fully Static 

Common 

I/O 


8,192x8 


28 


100 


100 


230/0.55 


+5 




MSM5165AL-12 


120 


120 


303/0.55 


MSM5165AL-15 


150 


150 


375/0.55 


MSM51 88-45 


64k 


Fully Static 

Common 

I/O 


16,384x4 


22 


45 


45 


605/11 


+5 




MSM51 88-55 


55 


55 


605/1 1 


MSM51 88-70 


70 


70 


605/1 1 


MSM51257L-85 


256k 


Fully Static 

Common 

I/O 


32,768x8 


28 


85 


85 


440/0.55 


+5 




MSM51257L-100 


100 


100 


385/0.55 


MSM51257L-120 


120 


120 


385/0.55 


MSM51257AL-85 


256k 


Fully Static 

Common 

I/O 


32,768x8 


28 


85 


85 


440/0.55 


+5 




MSM51257AL-100 


100 


100 


385/0.55 


MSM51257AL-120 


120 


120 


385/0.55 


MSM51257ALL-85 


256k 


Fully Static 

Common 

I/O 


32,768x8 


28 


85 


85 


440/0.11 


+5 




MSM51257ALL-100 


100 


100 


385/0.11 


MSM51257ALL-120 


120 


120 


385/0.11 


MSM51256-10 


256k 


Fully Static 
Common I/O 


32,768x8 


28 


100 


100 


385/0.0055 


+5 




MSM51 256-1 20 


120 


120 


385/0.0055 



• MASK ROMS 



Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 
(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 

Supply 

Voltage 

(V) 


Equiva- 
lent 
Device 


MSM3864 


64k 


Fully Static 


8,192x8 


28 


250 


250 


550/165 


+5 




MSM38128A 


128k 


Fully Static 


16,384x8 


28 


250 


250 


550/165 


+5 




MSM38256 


256k 


Fully Static 


32,768x8 


28 


250 


250 


660/165 


+5 




MSM38256A 


256k 


Fully Static 


32,768x8 


28 


150 


150 


330/33 


+5 




MSM53256 


256k 


Fully Static 


32,768x8 


28 


150 


150 


83/0.55 


+5 




MSM531000 


IM 


Fully Static 


131,072x8 


28 


250 


250 


83/0.55 


+5 




MSM531(X)1 


IM 


Fully Static 


131,072x8 


32 


120 


120 


110/0.28 


+5 




MSM534000 


4M 


Fully Static 


262,144x16 


40 


200 


200 


275/0.55 


+5 




MSM534000A 


4M 


Fully Static 


262,144x16 


40 


150 


150 


274/0.28 


+5 




MSM534001A 


4M 


Fully Static 


524,288x8 


32 


150 


150 


275/0.28 


+5 




MSM534002A 


4M 


Fully Static 


262,144x16 


40 


150 


150 


275/0.28 


+5 





-■ IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS ■ 



• EPROMS 



Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 
(ns) 


Cycle 
Time 
MIN 
(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equivalent 
Device 


MSM2764A 


64k 


EPROM 


8,192x8 


28 


120 


120 


525/184 


+5 


276A 


MSM27128A 


128k 


EPROM 


16,384x8 


28 


120 


120 


525/184 


+5 


271 28A 


MSM27256 


256k 


EPROM 


32,768x8 


28 


150 


150 


525/184 


+5 


27256 


MSM27512 


512k 


EPROM 


65,536x8 


28 


150 


150 


525/184 


+5 


27512 


MSM271000 


1M 


EPROM 


131,072x8 


32 


120 


120 


525/184 


+5 


27010 


MSM271024 


1M 


EPROM 


65,536x16 


40 


120 


120 


630/184 


+5 


27210 


MSM27C256 


256k 


EPROM 


32,768x8 


28 


100 


100 


165/0.55 


+5 


27C256 


MSM27C256H 


256K 


EPROM 


32,768x8 


28 


55 


55 


525/184 


+5 


27HC256 


MSM27C1024 


1M 


EPROM 


65,536x16 


40 


100 


100 


175/0.55 


+5 


27C210 


MSM27C2000-10 


2M 


EPROMS 


262,144x8 


32 


100 


100 


385/28 


+5 


27C020 


MSM27C2000-12 


120 


120 


385/28 


MSM27C2000-15 


150 


150 


385/28 


MSM27C2048-10 


2M 


EPROMS 


131,072x6 


40 


100 


100 


550/28 


+5 


27C220 


MSM27C2048-12 


120 


120 


550/28 


MSM27C2048-15 


150 


150 


550/28 


MSM2764AZB 


64k 


EPROMS 


8,192x8 


28 


150 


150 


525/184 


+5 


P2764A 


MSM27128AZB 


128k 


EPROMS 


16,984x8 


28 


150 


150 


525/184 


+5 


P27128A 


MSM27256 


256k 


EPROMS 


32,768x8 


28 


170 


170 


525/184 


+5 


P27256A 


MSM27512ZB 


512k 


EPROMS 


65,536x8 


28 


200 


200 


525/184 


+5 


P27512 


150 


150 


525/184 


MSM271000ZB 


1M 


EPROMS 


131,072x8 


32 


150 


150 


525/184 


+5 


P27010 


MSM271024ZB 


1M 


EPROMS 


65,536x16 


40 


170 


170 


630x184 


+5 


P27210 


MSM27C256HZB 


256k 


EPROMS 


32,768x8 


28 


70 


70 


525x184 


+5 





i^ 




■ IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS ■- 



• E2PR0MS 



Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 
(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equivalent 
Device 


MSM16811 


Ik 


E2PR0M 


64x1 6 or 
128x8 


8 


*250 


^^1.0 


16.5/0.55 


+5 


CAT93C46 


MSM16811P 


Ik 


E2PR0M 


64x1 6 or 
128x8 


8 


*250 


**1.0 


16.5/0.55 


+5 


CAT93C46I 


MSM16911 


Ik 


E2PR0M 


64x16 or 
128x8 


8 


*250 


**1.0 


16.5/0.55 


+5 


CAT59C1 1 


MSM16911P 


Ik 


E2PR0M 


64x1 6 or 
128x8 


8 


^250 


*n.o 


16.5/0.55 


+5 


CAT59C11I 


MSM16812 


2k 


E2PR0M 


128x1 6 or 
256x8 


8 


MOOO 


^^0.25 


16.5/0.55 


+5 


CAT35C102 


MSM16912 


2k 


E2PR0M 


128x1 6 or 
256x8 


8 


^1000 


**0.25 


16.5/0.55 


+5 


CAT35C202 


MSM28C16A-15 


16k 


E2PR0M 


2,048x8 


24 


150 


150 


165/0.55 


+5 


X2816A 


MSM28C16A-20 


200 


200 


165/0.55 


MSM28C64A-15 


64k 


E2PR0M 


8,192x8 


28 


150 


150 


165/0.55 


+5 


X28C64A 


MSM28C64A-20 


200 


200 


165/0.55 


MSM28C256 


256k 


E2PR0M 


32x8 


28 


200 


200 


165/0.55 


+5 





*: Clock Frequency MAX (kH) 
**: Clock Pulse MIN (/xs) 



• ASMP 



Model Name 


Mem- 
ory 

Capac- 
ity 


Circuit 
Function 


Memory 
Configura- 
tion 


Num- 
ber of 
Pins 
per 
Pack- 
age 


Access 
Time 
MAX 

(ns) 


Cycle 
Time 
MIN 
(ns) 


Power 
Consump- 
tion 
MAX 
(mw) 
Operating/ 
Standby 


Power 
Supply 
Voltage 

(V) 


Equivalent 
Device 


MSM514212-28 


40k 


ASMP 


5,048x8 


28 


28 


28 


600/28 


+5 




MSM514212-34 


34 


34 


600/28 


MSM514212-50 


50 


50 


600/28 


MSM514221-3 


1M 


ASMP 


262,263x4 


16 


25 


30 


275/28 


+5 




MSM514221-6 


30 


60 


275/28 


MSM514252-10 


1M 


ASMP 


262,144x4 


28 


100 


190 


660/28 


+5 




MSM514252-12 


120 


220 


550/28 


MSM51C262-80 


256k 


ASMP 


65,536x4 


24 


80 


145 


660/44 


+5 




MSM51C262-10 


100 


175 


550/44 


MSM51C262-12 


120 


205 


468/44 


MSM514201 


1M 


ASMP 


1,048,576x1 


18 


3000 


4000 


28/0.5 


+4.5 
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MOS MEMORY 

HANDLING 

PRECAUTIONS 




MOS MEMORY HANDLING PRECAUTIONS 



1. STATIC ELECTRICITY COUNTER- 
MEASURES 

Since voltage is generally controlled by nneans of the 
transistor gate oxide filnn in MOS memories, the input 
impedance is high and the insulation tends to be de- 
stroyed more readily by static electricity. 

Although Oki MOS memories incorporate built-in 
protector circuits to protect all input terminals from 
such destruction, it is not considered possible to give 
complete protection against heat destruction due to 
overcurrents and insulation film destruction due to 
irregular high voltages. It is, therefore, necessary to 
observe the following precautionary measures. 

1) Under no circumstances must voltages or currents 
in excess of the specified ratings be applied to any 
input terminal. 

2) Always use an electrically conductive mat or ship- 
ping tubes for storage and transporting purposes. 

3) Avoid wearing apparel made of synthetic fiber 
during operations. The wearing of cottons which do 
not readily generate static electricity is desirable. 
Also avoid handling devices with bare hands. If 
handling with bare hands cannot be avoided, make 
sure that the body is grounded, and that a IMn 
resistor is always connected between the body and 
ground in order to prevent the generation of static 
electricity. 

4) Maintaining the relative humidity in the operation 
room at 50% helps to prevent static electricity. 
This should be remembered especially during dry 
seasons. 

5) When using a soldering iron, the iron should be 
grounded from the tip. And as far as possible, use 
low power soldering irons (12V or 24 V irons) . 

2. POWER SUPPLY AND INPUT SIGNAL 
NOISE 

2.1 Power supply noise absorption 

In dynamic memories, the flow of power supply 
current differs greatly between accessing and standby 
modes. 

Although very little power is consumed by CMOS 
memories during standby mode, considerable current 
is drawn for charging and discharging (instantaneous 
current requirements) during access mode. In order to 
absorb the "spike noise" generated by these current 
requirements, the use of relatively large capacitance 
capacitors (about one lOjuF capacitor for every 8 to 
10 RAA/ls) is recommended along with good high fre- 
quency response capacitors of about O.I/lxF for each 
memory element. Power line wiring with as little line 
impedance as possible is also desirable. 

2.2 Input signal noise absorption 

Overshooting and undershooting of the input signal 
should be kept to a bare minimum. Undershooting in 
particular can result in loss of cell data stability within 
the memory. For this reason. 



(1) Avoid excessive undershooting when using an 
address common bus for memory board RAMs and 
ROMs. 

(2) Since noise can be generated very easily when using 
direct drive for applying memory board RAM 
addresses from other driver boards, it is highly 
recommended that these addresses be first received 
by buffer. 

(3) Methods available for eliminating undershooting 
generated in the address line include 

a) Clamping of the undershooting by including a 
diode. 

b) Connect 10~20n in series with driver outputs. 

c) Smooth the rising edge and falling edge wave- 
forms. 

3. CMOS MEMORY OPERATING 
PRECAUTIONS 

3.1 Latch-Up 

If the CMOS memory input signal level exceeds the 
Vcc power line voltage by +0.3 V, or drops below the 
ground potential by -0.3 V, the latch-up mechanism 
may be activated. And once this latch-up mode has 
been activated, the memory power has to be switched 
off before normal operating mode can be restored. 
Destruction of the memory element is also possible if 
the power is not switched off. 

Although Oki CMOS memories have been designed 
to counter these tendencies, it is still recommended that 
input signal overshooting and undershooting by avoided. 

3.2 Battery Back-Up 

Take special note of the following 4 points when 

designing battery back-up systems. 

(1)Do not permit the input signal H level to exceed 
Vcc +0.3 V when the memory Vcc power is dropped. 
To achieve this, it is recommended that a CMOS 
driver using a Vcc power common with the CMOS 
memory, or an open collector buffer or open drain 
buffer pulled-up by a Vcc power common with the 
CMOS memory be used for driving purposes. 

(2) Set the chip select input signal CE to the same H 
level as the CMOS memory Vcc power line. And in 
order to minimize memory power consumption, set 
the write enable input WE level, the address input 
and the data input to either ground level or to the 
same H level as the CMOS memory Vcc power line. 

(3) Make sure that the CMOS memory Vcc power line is 
increased without "ringing" or temporary breaks 
when restoring the battery back-up mode. 

(4) When using synchronous type CMOS memories 
(MSM5115, MSM5104), make sure that accessing 
occurs after elapse of the chip enable off time (t^c) 
prescribed in the catalog after the Vcc power line 
has reached the guaranteed operating voltage range. 
For further details, refer to "CMOS Memory Battery 

Back-up" at the end of this manual. 



MASK ROM 

CUSTOAAER PROGRAM 

SPECIFICATIONS 
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MASK ROM CUSTOMER PROGRAM 
SPECIFICATIONS 



M 



The mask ROM custom program code 
programming method is outlined below. 

1. USABLE MEDIA 

(1) Magnetic tape 

(2) EPROM 

Magnetic tape and EPROM are used as standard. 

2. MAGNETIC TAPE SPECIFICATIONS 

2.1 Use the following types of magnetic tape in nnag- 
netic tape units compatible with IBM magnetic tape 



units. 






(1) 


Length: 


2400 feet, 1200 feet or 600 feet 


(2) 


No label 




(3) 


Width: 


1/2 feet 


(4) 


Channels: 


9 channels 


(5) 


Bit density 


:800BPI standard, although 1600BPI 
can also be employed. 


(6) 


Block size: 


Integer multiples of 256 bytes 
possible with 256 bytes as standard. 
1 block, 1 record is standard. 



2.2 Magnetic tape format 

(1) The data for a single chip should not extend into 
several tapes. Data for several chips are allowed to be 
included in a single magnetic tape, multiple file format 
being permitted. In this case, include the data of a 
single chip in one file. 

(2) Use tape marks for file partitions when employing 
multiple file formats. 

(3) Denote the completion of a magnetic tape file by 
two successive tape marks. 

2.3 Magnetic tape data format 

(1 ) The data contained in a single file on magnetic tape 
must be inserted from the head address (0000) hex °^ 
the device up to the final address in succession for a 
single chip. 

(2) In this case, the LSB of the data should correspond 
to Do, and the MSB to D,. 

(3) "1" bits in the data denote high device output, 
while "0" denotes low output. 

2.4 Magnetic tape examples 



B 
O 

T 



Multi-file format (m chips) 



5|c : tape mark 



1-chip data file 1 



File 2 



File m 



Block 1 



Block 2 



Block 3 





1 

R 




R 




I 


b 


Block n-1 


G 


Block n 




■ MASK ROM CUSTOMER PROGRAM SPECIFICATIONS ■- 



3. EPROM SPECIFICATIONS 

(1) MSM2764A, MSM27128A, MSM27256 or Intel 
2764A, 271 28A, 27256 equivalent device may be 
used. 

(2) Prepare 2 EPROMs containing identical data. 



MASK ROM] E^ 



DEVELOPMENT 
FLOWCHART 
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MASK ROM DEVELOPMENT FLOWCHART 



User's 
ROM data 



ROM data 
check list 



Examination 



No 




Approval 



Yes 



Engineering 
Test sample 

sampling shipment TAT* 



Examination 



Mask ROM 

automatic 

designing program 



Mask ROM 
manufacture 




Oki Electric 



*TURN-AROUND-TIME 




s 
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TERMINOLOGY AND SYMBOLS 



1. PIN TERMINOLOGY 



4 



Term 


EPROM 


Mask ROM 


EEPROM 


Static RAM 


Dynamic RAM 


Power Supply Voltage Pin 


VcoVpp 


vcc 


Vcc 


Vcc 


VdD' Vcc 


Address Input Pin 


Ao~Ai6 


Ao-A,, 


Ao~Ai2 


Aq ~ Ai4 


Ao ~ A,o 


Data Input Pin 








Dl 


DIN, D9 


Data Output Pin 


Oo~0l5 


Do ~D., 




DO 


D OUT, 09 


Data Input/Output Pin 






1/00- 
1/07 


I/O, ~ l/Og 


DOi -DOg 


Chip Enable Pin 


CE 


CE 


CE 


CE,,CE2 




Output Enable Pin 


OE 


OE 


OE 


OE 


OE 


Address Enable Pin 












Chip Select Pin 




CS 




CS 




Write Enable Pin 






WE 


WE 


We 


Row Address Strobe Pin 










RAS 


Column Address Strobe Pin 










CAS 


Program Enable Pin 












PGM,Vpp 


Data Valid Pin 












Clock Input Pin 












Ground Pin 


vss 


vss 


Vss 


Vss 


Vss 


Vacant Terminal 


NC 


NC 


NC 








■ TERMINOLOGY AND SYMBOLS ■- 



2. ABSOLUTE MAXIMUM RATINGS 



Term 


EPROM 


Mask ROM 


EEPROM 


Static RAM 


Dynamic RAM 


Power supply voltage 


VcoVpp 
vss 


vcc 
Vss 


Vcc 
Vss 


Vcc 
Vss 


vdD' Vcc 
Vss 


Terminal voltage 


Vt 






Vt 


Vt 


Input voltage 


V| 


V| 


V| 


V| 


V| 


Output voltage 


vo 


Vo 


Vo 


Vo 


Vo 


Input current 












Output current 








'0 




Output short circuit current 










lOS 


Load capacitance 












Power dissipation 


Pd 


Pd 


Pd 


Pd 


Pd 


Operating temperature 


Topr 


Topr 


^opr 


Topr 


Topr 


Storage temperature 


Tstg 


Tstg 


"•"stg 


Tstg 


Tstg 



3. RECOMMENDED OPERATION CONDITIONS 



-■TERMINOLOGY AND SYMBOLS ■ 



Term 


EPROM 


Mask ROM 


EEPROM 


Static RAM 


Dynamic RAM 


Power Supply Voltage 


VcC' Vpp 

Vss 


Vcc 
Vss 


Vcc 
Vss 


Vcc 
Vss 


VdD' Vcc 

Vbb 

Vss 


"H" Clock Input Voltage 










V|HC 


"H" Input Voltage 


V|H 


V|H 


V|H 


V|H 


V|H 


"L" Input Voltage 


V|L 


ViL 


V|L 


V|L 


V|L 


Data Retention Voltage 








VCCH 




Load Capacitance 


Cl 


Cl 


Cl 


Cl 




Fan-out 




N 


N 


N 




Operating Temperature 


Topr 


Topr 


Topr 


Topr 


Topr 
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■ TERMINOLOGY AND SYMBOLS m- 

4. DC CHARACTERISTICS 



Term 


EPROM 


Mask ROM 


EEPROM 


Static RAM 


Dynamic RAM 


"H" output voltage 


VOH 


VoH 


VOH 


VoH 


VoH 


"L" output voltage 


Vol 


Vol 


Vol 


Vol 


Vol 


"H" output current 


•oh 


'oh 


'oh 


'oh 


'oh 


"L" output current 


"OL 


'OL 


'OL 


'OL 


'OL 


Input leakage current 


'LI 


'Li 


'LI 


'LI 


'li 


Output leakage current 


'LO 


"LO 


'lo 


"LO 


'LO 


I/O leak current 








'LO 




Program terminal current 


Ippi, Ipp2 










Peak power on current 




'PO 








Power supply current 


'CO 'cci' 

'CC2 


'CCA 'CCS 
'CCSI 


'CCA' 'CCS' 
'CCS1 


«CCS' 'CCSI 
'CCA 


'DD1''CC1'IbB1 
•dD2''CC2''BB2 
'DD3. 'CC3''BB3 
'DD4. ICC4. 'BB4 
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-■TERMINOLOGY AND SYMBOLS ■ 



5. AC CHARACTERISTICS 
(1) Read cycle 



N 



Term 


EPROM 


Mask ROM 


EEPROM 


Static RAM 


Dynamic RAM 


Read cycle time 




tc 


tRC 


tRC 


tRC 


Address access time 


tACC 


^AA 


tAA 


tAC 


tAA 


Chip select access time 




tcs 




tco 




Chip enable access time 


tCE 


tACE 


tCE 


tCD 




Output enable access time 


tOE 


tco 


tOE 


tOE 


tOEA 


Output setting time 




tLZ 


tLZ' toLZ 


tCX' tox 




Output valid time 




tOH 


tOH 


tOHA 




Output disable time 


tDF 


tHZ 


tHZ' tOHZ 


tOTD' tCTD 


tOFF' tQEZ 


Address set-up time 








tAS 


tASR' tASC 


Address hold time 










tRAH' tCAH 


Chip enable off time 












Chip enable pulse width 












Power-uptime 




tpu 








Power-down time 




tPD 








Address enable pulse width 












Data valid access time 












Data valid delay time 












Clock delay time 












Clock pule width 










tRAS' tCAS' tWP 


Clock delay time 










tRCD' tRAD 


Output delay time 












Output access time 












Output hold time 












Address enable set-up time 
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■ TERMINOLOGY AND SYMBOLS ■- 



(2) Write Cycle 



Term 


EPROM 


EEPROM 


Static RAM 


Dynamic RAM 


Write cycle time 




two 


twc 


tRC 


Address set-up time 


tAS 


tAS 


tAS 


tASR' tASC 


Write pulse width 


tpW' tOPW 


twP' tew 


tw 


tWP 


Write recovery time 






tWR 




Data set-up time 


tDS 


tDS 


tDS 


tDS 


Data hold time 


*DH 


tDH 


tDH 


tDH 


Output off^time 


tDFP 




tQTW 


tQFF 


Address hold time 


tAH 


tAH 




tRAH' tCAH 


Chip enable off time 










Chip enable pulse width 






tcw 




Write enable set-up time 




tcs 






Write enable read time 










Write enable hold time 




tCH 






Address/write enable setting time 










Write enable output activation 










CE set-up time 


tCES 


tcs 






OE set-up time 
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Data latch time 
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Data load time 




tPL 







28 



PACKAGING] E^ 




PACKAGING 33 

8 PIN PLASTIC DIP {DIP8-P-300) 36 

16 PIN PLASTIC DIP(DIP16-P-300, DIP16-P-300-W1) 36 

18 PIN PLASTIC DIP(DIP18-P-30a DIP18-P-300-W1, DIP18-P-400) 37 

20 PIN PLASTIC DIP (DIP20-P-300-W1 , DIP20-P-400) 38 

22 PIN PLASTIC SKINNY DIP (DIP22-P-300-S1) 38 

24 PIN PLASTIC DIP (DIP24-P-600) 39 

28 PIN PLASTIC DIP (DIP28-P-600) 39 

32 PIN PLASTIC DIP (DIP32-P-600) 39 

40 PIN PLASTIC DIP (DIP40-P-600) 40 

8 PIN PLASTIC SOP (SOP8-P-250-K) 41 

28 PIN PLASTIC SOP (SOP28-P-430-K) 41 

60 PIN-V PLASTIC QFP (QFP60-P-1 51 9-VK) 41 

26 PIN PLASTIC SOJ (SOJ26-P-300, SOJ26-P-350) 42 

18 PIN PLASTIC QFJ (PLCC) (QFJ18-P-R290) 43 

20 PIN PLASTIC ZIP (ZIP20-P-400, ZIP20-P-400-W1 ) 44 

28 PIN PLASTIC ZIP (ZIP28-P-400) 44 

28 PIN CERDIP (WDIP28-G-600) 45 

32 PIN CERDIP (WDIP32-G-600) 45 

40 PIN CERDIP (WDIP40-G-600) 45 

30 PIN SIMM (FOR MSC2304/2307YS9) 46 

30 PIN SIMP (FOR MSC2304/2307KS9) 46 

30 PIN SIMM (FOR MSC2304YS8) 47 

30 PIN SIMP (FOR MSC2304KS8) 47 

30 PIN SIMM (FOR MSC2305YS18A) 48 

30 PIN SIMM (FOR MSC2312AYS9) 49 

30 PIN SIMP (FOR MSC2312AKS9) 49 

30 PIN SIMM (FOR MSC2313AYS8) 50 

30 PIN SIMP (FOR MSC2313AKS8) 50 
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- 


- 


- 


WDIP32-G- 
600 


- 


MSM27C2048 


- 


- 


- 


- 


WDIP40-G- 
600 


- 


MSM2764AZB 


DIP28-P-600 












MSM27128AZB 


MSM27256ZB 


MSM27512ZB 



-■ PACKAGING ■ 



Name 


PACKAGES 1 


RS 


GS 


JS 


ZS 


AS 


KS/YS 


PLASTIC 
DIP/PLASTIC 
SKINNY DIP 


PLASTIC SOP/ 
PLASTIC QFP 


QFJ (PLCC)/ 
PLASTIC SOJ 


PLASTIC DIP 


CERDIP 


MODULE 


MSM271000ZB 


DIP32-P-600 


- 


- 


- 


- 


- 


MSM271024ZB 


DIP40-P-600 


- 


- 


- 


- 


- 


MSM27C256ZB 


DIP28-P-600 


" 


" 


" 


" 


" 


MSM27C256 
HZB 


MSM 16811 


DIP8-P-300 


SOP8-P-250- 
K 










MSM16811P 


MSM16911 


MSM16911P 


MSM 1681 2 


DIP8-P-300 


8 PIN 

PLASTIC 

SOP* 


- 


- 


- 


- 


MSM16912 


MSM28C16A 


DIP24-P-600 


- 


- 


- 


- 


- 


MSM28C64A 


DIP28-P-600 


SOP28-P- 
430-K 


- 


- 


- 


- 


MM28C256 


DIP28-P-600 


- 


- 


- 


- 


- 


MSM514212 


- 


- 


- 


ZIP28-P-400 


- 


- 


MSM514221 


DIP16-P- 
300-W1 


- 


SOJ26-P- 
300 


ZIP20-P-400 


- 


- 


MSM514252 


- 


- 


- 


ZIP28-P-400 


- 


- 


MSM51C262 


- 


- 


- 


24 PIN * 
PLASTIC ZIP 


- 


- 


MSM514201 


- 


- 


QFJ18-P- 
R290 


- 


- 


- 



M 



33 



I PACKAGING I 



PLASTIC DIP 



SPIN PLASTIC DIP 



DIP18-P-300 




8.70±0.30 
1.012±0. 10 lJ524±0. 10 




Seating Plane 



^fflK^;®] 



16 PIN PLASTIC DIP 



DIP16-P-300 



1 r~i r~i r~i r~i r-1 r~i n, 



V. 



o 



^o 



® 




34 



-■ PACKAGING! 



PLASTIC DIP 



18 PIN PLASTIC DIP 



DIP18-P-300 



ir-ir-ir-if— ir-ir— 11— II— 1^ 



^ 



o 



^0 

Index Mark 



® 




18 PIN PLASTIC DIP 



DIP18-P-300-W1 



dg) 



(3) 



O 



V 



^ Index Mark 



® 



mmm 



2.5i±0.25 0.50±0\10 



\ Seating Plane 



u^5-:?-'5 



2^5 0-15- 



18 PIN PLASTIC DIP 



DIP18-P-400 




@ 



O 



1—1 l_l l-J LJ l—l L-J LJ 

G) © 







22.60*0.30 










1.27*0.10 












^ 3 


{ 




\ 


CO 


21 


nt- 


iHdaaaf 




u 


I n ^ 1 


i 


sj 




2.54*0.25 ^ 


0.50±flV10 


{^ 


CO 


^''^^* 


H]« 


■«(") 



?:0S 0-15- 



\ Seating Plane 



d 



35 



■ PACKAGING!- 



PLASTIC DIP 



20 PIN PLASTIC DIP 



DIP20-P-300-W1 



(20) 



& 



^ 



o 



'CD 

^ Index Mark 



@ 




Seating Plane 



20 PIN PLASTIC DIP 



DIP20-P-400 




dj) 



r~i r~i i~i i— I 



O 



U 1_J LJ L_J 



® 









24.40±0.30 






0.885±0.10 




1.27±0.10 












S 5 








If ^ 




,1t: 


:1P0R 


utm 


i 2 




I 




2.54±0.25 




1 


0.762TYP 


0.50±0.10W 


H*0.25 ®\ 



^^ 



^4^? 



\ Seating Plane 



22 PIN PLASTIC SKINNY DIP 



DIP22-P-300-S1 










26.90±0.30 






1.119±0.10 




1.27±0.10 












S 5 








^ 


? 




It 


iflnnnnnn 




u 




H 1 n 1 


i 


5 




2.54±0.25 


\ 




8 


0.735TYP^ 


0.50±0.10|^|^y 


25 (M) 





^ 



\ Seating Plane 



36 



-■ PACKAGING ■ 



PLASTIC DIP 



24 PIN PLASTIC DIP 



D1P24-P-600 




M 



Lii 



m 



HI 



\ ' - T-'° [W :^^M --lUis^i 



Seatinj Plane 




32 PIN PLASTIC DIP 



DIP32-P-600 




« % 



mmm 



wmJ^^ 



t 



\ Seatina Plane 



M 



37 



■ PACKAGING ■- 



PLASTIC DIP 




40 PIN PLASTIC DIP 










1 1S.2«i0.30 J 


0-15- 


DIP40-P-600 


<5fli (5?) 




i-innr~it-ir-ir-innnnnnnnnnn no __ 






3 o o 


8 

i 






u uu uuuuuuuuuuuuuu u u u' 

52.00iO.30 


) 






1 1 1.27iO.10 


— ii — 3i 










qothaaannadDadDnaaaaiiJ 


: i 


/< ^ 


l.BSeiYP 


iTiTiiiTiTrnTiTirti. 

4 LJi54^25 jl8-«^-^°|4,k25(g)| \ 


z 

— i 


H / 

Seating Plane 













38 



-■ PACKAGING ■ 



PLASTIC SOP/QFP 



8 PIN PLASTIC SOP 



SOP8-P-250-K 



® 



Index Mark 



0.35±0. lOr- 



0.25 (m)[ 



Seating Plane 







0-1 0- 
|0.52±0.20 




60PIN-V PLASTIC QFP 



QFP60-P-1519-VK 




'h^'- 



^ 



39 



I PACKAGING I 



PLASTIC SOJ 




26 PIN PLASTIC SOJ 



SOJ26-P-300 



Index Mark 






17. 


15±0.20 






® @ 


® ® 

n 1-1 n n f-i- 


r 


p 

Xjllj i_i lj ij 




l 

" If 



(mi\i=^mi\l 



1.27A0.10 



0.73±0. 10 



Seating Plane 



0.41 ±0.10 



^^10.10 I 



26 PIN PLASTIC SOJ 



SOJ26-P-350 





17.15±0.20 






@ @ ® ® 

ni-inn?=i ?=inrii-i r^- 










LO 


s 






? 
s 


1 


y 


P 

J U U U JJ LJ u u u u. 


03 


03 



ri^ 



?S 



Index Mark 



^AAflHP:qAnnfl^- 



1. 2740.10 



Seating Plane 



0.46±0.10 



'10.10 



[4^0'^8 ®| 



r1^ 



s 
^ 



?? 



40 



-■ PACKAGING ■ 



PLASTIC QFJ (PLCC) 



18 PIN PLCC 



QFJ18-P-R290 



Seating Plane 



®^^^® 







&"""& 



.(^aaaap4— a 



H°-18(m)| 



ff 



^ 



41 



I PACKAGING I 



PLASTIC ZIP 




fa%%%^==%%%%%^ 




28 PIN PLASTIC ZIP 



ZIP28-P-400 




n 



+0.15 
0.25-0.05 



Seating Plane 



42 



-■ PACKAGING ■ 



CERDIP 




a 



43 



I PACKAGING I 



MODULE SIMM/SIMP 



30 PIN SIMM (FOR MSC2304/2307YS(9) 
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Note: 

1) Substrate: Glass-Epoxy (FR-4) 

2) Chip Capacitor: Under Component (0.22 x3pcs) 

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni 

4) Contacts are on both sides of PC Board 

5) Thickness includes plating 
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Note: 

1) Substrate: Glass-Epoxy (FR-4) 

2) Chip Capacitor: Under Component (0.22 x2pcs) 

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni 

4) Contacts are on both sides of PC Board 

5) Thickness includes plating 
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NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT PADS ... . Pb/Sn or Au PLATING 

3) 4M X 1 DRAM x 9 pes 
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RELIABILITY INFORMATION 



1. INTRODUCTION 

Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, control 
equipment, calculators, electronic games and in 
many other fields has increased at a fast rate. 
A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 

We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 



2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 

The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 
and satisfy customer needs, we carefully consider 
functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity. Then we prepare 
the development planning and time schedule. 

2) Developmental prototype stage 

We determine circuits, pattern design, process 
settings, assembly techniques and structural re- 
quirements during this stage. At the same time, 
we carry out actual prototype reliability testing. 
Since device quality is largely determined during 
the designing stage, Oki pays careful attention 
to quality confirmation during this stage. 
This is how we do it: 

(1 ) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 
tion technology and reliability departments 
get together for a thorough review to ensure 



design quality and to anticipate problems 
that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special evaluation tests. In 
addition, the stability and capacity of the 
manufacturing process are checked. 

3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 

4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
identical to those under which a customer would 
actually use the device. This lot guarantee in- 
spection is performed in three different forms as 
shown below. 

(1) Group A tests: appearance, labels, dimen- 

sions and electrical charac- 
teristics inspection 

(2) Group B tests: check of durability under 

thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group tests: performed periodically to 

check operational life, etc., 
on a long term basis. 
Note: Like the reliability tests, the group B tests 

conform to the following standards. 

MIL-STD-883B, JIS C 7022, EIAJ-IC-1 21 
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• RELIABILITY INFORMATION • 



Material 


• Acceptance Inspection 

• Production Process Quality Control 
® Lot Control 

® Equipment Conditions 
® In-Process Inspection 
@ Thermal Screening 
© Seal Test 

• Early Removal of Defective Devices 




1 








2nd Sorting 


Production 
Process 
Wafer Process 
& 
Assembly 




' 




Outgoing 
Inspection 












' 






Storage 


1st Sorting 




' 










Shipping 


Burn.,n 
Screening 













• Electrical Test 

• Regular Check of Measuring 
Equipment 



• Group A Test 

• Group B Test 

• Group C Test 



m 



Figure 2 Manufacturing Process 



Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 
Figure 2 shows the manufacturing flow of the 
completed device. 



5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 



Request for 

technical 

improvement 




Report on 
results of 
investigation 
& improvement 



Engineering 
Department 



-.^^ 



Report on 
results of 
investigation 
& improvement 



Request for 

manufacturing 

improvement 



q5 E 



Manufacturing 
Department 



Figure 3 Failure report process 
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• RELIABILITY INFORMATION • 




Transportation Control 
Stock Control 
Packaging 




3. EXAMPLE OF RELIABILITY TEST 
RESULTS 

We have outlined the quality assurance system 
and the underlying concepts employed by Okl. 
Now, we will give a few examples of the reliability 
tests performed during the developmental and 
production prototype stages. All reliability tests 
performed by Oki conform to the following stan- 
dards. 

MIL-STD-883B, JIS C 7022. EIAJ-IC-121 



Since these reliability tests must determine per- 
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 1 25°C 
high temperature continuous operation test per- 
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 

By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful In 
improving the manufacturing processes. Some 
of the more common defects in LSI elements and 
their analysis are described on next page. 
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■ RELIABILITY INFORMATION 



OKI MEMORY LSI LIFE TEST RESULTS 



'^^^ 


Device name 


MSM511000ARS 


MSM514256AJS 


MSM511000AZS 


\\\ 


Function 


IMxi b 
DYNAMIC R 


t 
AM 

OS 

P 


256K X 4 bit 
DYNAMIC RAM 

Si gate C-MOS 
26P SOJ 


1 M X 1 bit 
DYNAMIC RAM 


\\ 


Structure 


Si gate C-M 
18PP-DI 


Si gate C-MOS 
20P ZIP 


Test item \ 


Test condition 


Sample 
size 


Test 
hours 


Failures 


Sample 
Si2e 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures 


Operating 
life test 


Ta = 125°C 
Vcc = 7.0V 


200 


2000 





200 


2000 


r 


100 


2000 





Ta = 1 50° V 
Vcc = 7.0V 


100 


2000 





100 


2000 





- 


- 


- 


Temperature 
humidity test 


130°C85% 
Vcc = 5.5V 


100 


120 





100 


120 





100 


120 





85°C85% 
Vcc = 5.5V 


400 


2000 





500 


2000 





200 


2000 





Pressure 
cooker test 


12rc 100% 
No bias 


50 


500 





50 


500 





50 


500 





Low tempera- 
ture life test 


Ta = -10°C 
Vcc = 7.0V 


60 


2000 





22 


2000 





- 


- 




Temperature 
cycling test 


-65°C ~ 25°C ~ 
150°C 

(70min/cycle) 


400 


1000 

cycles 





300 


1000 

cycles 





200 


1000 
cycles 






i« 



\j:;-^ 


Device name 


MSM41256ARS 


MSM2312YS9 


MSC2304KS 


vX 


Function 


256K X 1 bit 
DYNAMIC RAM 


1Mx9bit 
DYNAMIC RAM 


256K X 9 bit 
DYNAMIC RAM 


W 


Structure 


Si gate N-MOS 
16PP-DIP 


Si gate C-MOS 
30PSIMM 


Si gate N-MOS 
30PSIP 


Test item \ 

\ 


Test condition 


Sample 
size 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures ' 


Jample 
size 


Test 
hours 


Failures 


Operating 
life test 


Ta = 125°C 
Vcc = 7.0V 


500 


2000 





40 


1000 





40 


1000 





Ta = 150°C 
Vcc = 7.0V 


45 


4000 





- 


- 


- 


- 


- 


- 


Temperature 
humidity test 


130°C85% 
Vcc = 5.5V 


100 


120 







- 


- 


- 


- 


- 


85°C85% 
Vcc = 5.5V 


300 


2000 





40 


1000 





40 


1000 





Pressure 
cooker test 


121°C100% 
No bias 


100 


500 





- 


- 


~ 


- 


- 


- 


Low tempera- 
ture life test 


Ta = -10°C 
Vcc = 7.0V 


60 


2000 





- 


- 


- 


- 


- 


- 


Temperature 
cycling test 


-65°C ~ 25°C 

150°C 

(70min/cycle) 


200 


1000 

cycles 





40 


2000 

cycles 

** 





40 


2000 
cycles 






SINGLE BIT FAIL 



0°C~125°C 
20 min/c 
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I RELIABILITY INFORMATION ■- 



OKI MEMORY LSI LIFE TEST RESULTS 



^^^^^^--.^,^^ Device name 


MSM51257ALRS 


MSM271000AS 


MSM534000RS 


\\ ^\ Function 


32K X 8 bit 
STATIC RAM 


128Kx8bit 
UV erasable EP ROM 


512Kx8bit 
Mask ROM 


\ \ Structure 


Si gate C-MOS 
28P P-DIP 


Si gate N-MOS 
28P cerdip 


Si gate C-MOS 
28P P-DIP 


Test item \ 

\ 


Test condition 


Sample 
size 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures 


Operating 
Life test 


Ta = 125°C 
Vcc = 7.0 V 


200 


2000 





88 


2000 





88 


2000 





High tempera- 
ture storage life 


Ta = 200°C 


- 


- 


- 


100 


2000 


^** 


- 


- 


- 


Temperature 
humidity test 


130°C85% 
Vcc = 5.5V 


50 


120 





- 


- 


- 


22 


120 





85°C85% 
Vcc = 5.5V 


200 


2000 





50 


1000 





80 


2000 





Pressure 
cooker test 


i2rcioo% 

No bias 


50 


500 





- 


- 


- 


50 


200 





Low tempera- 
ture life test 


Ta=-10°C 
Vcc = 7.0V 


22 


2000 





22 


2000 





22 


2000 





Temperature 
cycling test 


-65°C ~ 25°C 

150°C 

(70min/cycle) 


200 


1000 

cycles 





100 


500 

cycles 





100 


500 
cycles 






V\^^-\^^^ Device Name 


MSM51257AGSK 


MSM271000ZBRS 


MSM28C64ARS 




Function 


32K X 8 bit 
STATIC RAM 


128Kx8bit 
OTP 


8K X 8 bit 
EEPROM 




Structure 


Si gate C-MOS 
28P SOP 


Si gate N-MOS 
28P P-DIP 


Si gate C-MOS 
28P P-DIP 


Test item \ 


Test Condition 


Sample 
size 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures 


Sample 
size 


Test 
hours 


Failures 


Operating 
Life test 


Ta = 125°C 
Vcc = 5.5V 


- 


- 


- 


88 


Izooo 





100 


2000 





High tempera- 
ture storage life 


Ta = 155°C 


- 


- 


- 


100 


2000 





200 


2000 


*** 
1 


Temperature 
humidity test 


130°C85% 
Vcc = 5.5V 


50 


120 





50 


120 





50 


120 





85°C 85% 
Vcc = 5.5V 


200 


2000 





100 


2000 





100 


2000 





Pressure 
cooker test 


121°C100% 
No bias 


50 


300 





22 


300 





22 


300 





Low tempera- 
ture life test 


Ta = -10°C 
Vcc = 7.0V 


- 


- 


- 


22 


2000 





22 


2000 





Temperature 
cycling test 


-65°C ~ 25°C ~ 
150°C(70min/cycle) 


200 


500 





100 


500 





100 


500 






: Vcc = 5.25V ** : Charge loss fail 
** : Charge loss fail (high temperature storage test after 10k W/E cycles test atTa = 25°C) 
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>■ RELIABILITY INFORMATION ■ 



OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS 



^^"^^^^^r^ 


— — Device name 


MSIVI511000ARS 


MSM514256AJS 


MSM511CXX)AZS 


Test itern"^---.,,,^^ Test condition 


Sample 
size 


Failures 


Sample 
size 


Failures 


Sample 
size 


Failures 


Thermal 

environmental 

test 


Soldering 
heat 


260° C 
10 sec 


22 





22 





22 





Thermal 
shock 


0°C~100°C 

5 min 5 min 

10 cycles 


Temperature 
cycling 


-65°C~RT~150°C 

30 min 30 min 

20 cycles 


Mechanical 

environmental 

test 


Variable 
frequency 
vibration 


100Hz~2000Hz 

4 min per cycle 

4 times in X, Y, Z 


22 





22 





22 





Shock 


1500G, 0.5 ms, 

5 times in each 

X, Y, Z 


Constant 
acceleration 


20000G 
1 min in each X, Y, Z 


Electrical 

Environmental 

test 


ESD 


lOOpF, 1.5ka5times 
ilOOOV 


10 





10 





10 






H( 



^""""^^^^^^ 




Device name 


MSM41256ARS 


MSC2312YS9 


MSC2304KS9 


Test item^'""""^--^,.,^^ 


Test condition 


Sample 
size 


Failures 


Sample 
size 


Failures 


Sample 
size 


Failures 


Thermal 

environmental 

test 


Soldering 
heat 


260° C 
10 sec 


22 





22 





22* 





Thermal 
shock 


0°C~100°C 

5 min 5 min 

10 cycles 


Temperature 
cycling 


-esoc-RT-iso^c 

30 min 30 min 
20 cycles 


Mechanical 

environmental 

test 


Variable 
frequency 
vibration 


100Hz~2000Hz 

4 min per cycle 

4 times in X, Y, Z 


22 





- 


- 


- 




Shock 


1500G, 0.5 ms, 

5 times in each 

X, Y,Z 


Constant 
acceleration 


10000Gor20000G 
1 min in each X, Y, Z 


Electrical 

environmental 

test 


ESD 


lOOpF. 1.5ka5times 
ilOOOV 


10 





- 


- 


- 





*: TEMPERATURE CYCLING: -40°C ~ 25°C ~ 125°C (20 cycles) 

(30 min) (30 min) 
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■ RELIABILITY INFORMATION ■- 



OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS 



'""^^^^^^^^T"- 


— ~-__________^ Device name 


IVISM51257ALRS 


IVISM271000AS 


MSM534000RS 


Test itern^"^-^^^ Test condition 


Sample 
size 


Failures 


Sample 
size 


Failures 


Sample 
size 


Failures 


Thermal 

environmental 

test 


Soldering 
heat 


260° C 
10 sec 


22 





22 





22 





Thermal 
shock 


0°C~100°C 

5 min 5 min 

10 cycles 


Temperature 
cycling 


-65°C~RT~150°C 

30 min 30 min 

20 cycles 


Mechanical 

environmental 

test 


Variable 
frequency 
vibration 


100H2~2000H2 

4 min per cycle 

4 times in X, Y, Z 


22 





22 





22 





Shock 


1500G, 0.5 ms, 

5 times in each 

X, Y,Z 


Constant 
acceleration 


lOOOOGor 20000G 
1 min in each X, Y, Z 


Electrical 

environmental 

test 


ESD 


lOOpF, 1.5ka5times 
11000V 


10 





10 





- 





^"""^"^^^^^^^^^^"^^ 


— ^-______^^ Device name 


MSM51257AGSK 


MSM27000ZBRS 


MSM28C64ARS 


Test item 


^^^^^^---..^^ Test condition 


Sample 
size 


Failures 


Sample 
size 


Failures 


Sample 
size 


Failures 


Thermal 

environmental 

test 


Soldering 
heat 


260°C 
10 sec 


22 





22 





22 





Thermal 
shock 


0°C~100°C 

5 min 5 min 

10 cycles 


Temperature 
cycling 


-65°C~RT~150°C 

30 min 30 min 

20 cycles 


Mechanical 

environmental 

test 


Variable 
frequency 
vibration 


lOOHz- 2000Hz 
4 min per cycle 
4 times in X, Y, Z 


22 





22 





22 





Shock 


1500G, 0.5 ms, 

5 times in each 

X,Y,Z 


Constant 
acceleration 


10000Gor20000G 
1 min in each X, Y, Z 


Electrical 

environmental 

test 


ESD 


lOOpF, 1.5ka5times 
ilOOOV 


- 


- 


- 


- 


10 
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RELIABILITY INFORMATION i 



HIGH TEMPERATURE OPERATING LIFE TEST 

MSM51 1000ARS Ta = 25°C 



Sample size 200 










48 


168 


500 


1000 


2000 


ICCI nriA 


MAX. 


54.60 


54.60 


54.40 


54.60 


54.40 


54.40 


MIN. 


50.60 


50.40 


50.20 


50.40 


50.40 


50.60 


MEAN 


52.85 


52.86 


52.89 


52.87 


52.66 


52.76 


S.D. 


.87 


.85 


.84 


.87 


.92 


.88 


DEL 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


ICC2 mA 


MAX. 


1.0200 


1.0200 


1.0200 


1.0200 


1.0400 


1.0400 


MIN. 


.4780 


.4800 


.4800 


.4820 


.4860 


.4800 


MEAN 


.5586 


.5603 


.5626 


.5615 


.5562 


.5627 


S.D. 


.0756 


.0741 


.0732 


.0750 


.0765 


.0747 


DEL. 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


TraC ns 


MAX. 


68.0 


68.0 


68.0 


68.0 


68.0 


68.0 


MIN. 


61.0 


60.0 


60.0 


61.0 


60.0 


61.0 


MEAN 


64.8 


64.6 


64.6 


64.7 


64.5 


64.7 


S.D. 


1.6 


1.7 


1.7 


1.7 


1.7 


1.7 


DEL 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


TCAC ns 


MAX. 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


MIN. 


19.0 


19.0 


19.0 


19.0 


19.0 


19.0 


MEAN 


20.4 


20.3 


20.3 


20.3 


20.3 


20.3 


S.D. 


.6 


.6 


.6 


.6 


.6 


.6 


DEL 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 



m 



ns" 
74- 
68- 
62- 
56- 



Trac 



;e- a n n a 



48 168 500 1000 2000 
Time{H) 



ns 


r 




TcAC 




42 


- 








34 


- 








26 


- 








18 


- 


I 1— 

1 1 


--1 5-— i;— 

1 1 1 


--I 



48 168 500 1000 2000 
Time(H) 



mA 
56 

52 
48 
44 



'CCI 



I--'i-"i-i-i--I 



_l 



48 



168 500 
Time (H) 



1000 2000 



mA 


r 






'CC2 






1-6 


- 






1.2 


- 








n 


r -1 


r 


r n 




■ 


.8 


- 














} 




i i 


i i 


i -i 


i 3 


.4 






1 1 1 1 



48 168 500 1000 2000 
Time (H) 
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RELIABILITY INFORMATIONS- 



HIGH TEMPERATURE OPERATING LIFE TEST 

MSM511000ARS Ta = 25°C 



Sample size 200 











48 


168 


500 


1000 


2000 


Trp ns 


MAX. 


25.0 


25.0 


25.0 


25.0 


25.0 


25.0 


MIN. 


22.0 


22.0 


22.0 


22.0 


22.0 


22.0 


MEAN 


24.0 


24.0 


23.9 


23.9 


23.9 


23.9 


S.D. 


.8 


.8 


.9 


.8 


.9 


.8 


DEL 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


Tref ms 


MAX. 


4096.0 


4096.0 


4096.0 


4096.0 


4096.0 


4096.0 


MIN. 


787.0 


774.0 


983.3 


803.0 


876.0 


844.0 


MEAN 


2933.3 


2915.1 


3015.6 


2951.7 


3013.6 


2988.6 


S.D. 


1313.0 


1451.9 


1246.6 


1287.2 


1273.4 


1290.9 


DEL 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


VccMIN- V 


MAX. 


3.320 


3.310 


3.290 


3.300 


3.300 


3.290 


MIN. 


3.070 


3.060 


3.050 


3.050 


3.050 


3.050 


MEAN 


3.167 


3.162 


3.156 


3.159 


3.154 


3.155 


S.D. 


.056 


.057 


.056 


.055 


.055 


.055 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


VccMAX V 


MAX. 


7.000 


7.000 


7.000 


7.000 


7.000 


7.000 


MIN. 


7.000 


7.000 


7.000 


7.000 


7.000 


7.000 


MEAN 


7.000 


7.000 


7.000 


7.000 


7.000 


7.000 


S.D. 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 



V 


r 


VccMIN 


4 


- 




3 


- 


i___..^____.j 1- — I K 


2 


- 




1 


- 


1 1 1 1 1 1 



48 



168 500 1000 2000 
Time (H) 



VccMAX 



X- X -Hr H- 



48 168 500 1000 2000 
Time (H) 



ns 


r 


Trp 






50 


- 








40 


- 








30 


- 








20 


- 


I— -I— -I— -i-- 
1 1 1 1 


1 


1 



ms 


r 






Tref 






4000 


- 




r 1 


r n 






3000 
2000 






— -i 








- 












1000 


- 






- 




. 




■ 




III! 



48 168 500 1000 2000 
Time (H) 



48 168 500 1000 2000 
Time (H) 
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RELIABILITY INFORMATION" 



HIGH TEMPERATURE OPERATING LIFE TEST 



MSM51 1000ARS Ta = 25°C 












Samp! 


e size 200 









48 


168 


500 


1000 


2000 


Vila v 


MAX. 


1.1CX) 


1.100 


1.100 


1.100 


1.100 


1.200 


MIN. 


.940 


.940 


.930 


.940 


.940 


.950 


MEAN 


1.047 


1.047 


1.047 


1.042 


1.045 


1.046 


S.D. 


.028 


.028 


.029 


.028 


.028 


.029 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


V|HA V 


MAX. 


1.700 


1.710 


1.710 


1.710 


1.710 


1.710 


MIN. 


1.560 


1.560 


1.570 


1.560 


1.560 


1.560 


MEAN 


1.656 


1.656 


1.656 


1.656 


1.658 


1.656 


S.D. 


.027 


.027 


.027 


.027 


.028 


.027 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


V|LC V 


MAX. 


1.330 


1.330 


1.330 


1.330 


1.330 


1.330 


MIN. 


1.040 


1.040 


1.040 


1.040 


1.040 


1.040 


MEAN 


1.166 


1.165 


1.168 


1.166 


1.160 


1.163 


S.D. 


.061 


.062 


.062 


.060 


.057 


.060 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


V|HC V 


MAX. 


1.940 


1.940 


1.940 


1.940 


1.940 


1.940 


MIN. 


1.770 


1.780 


1.780 


1.780 


1.770 


1.770 


MEAN 


1.876 


1.876 


1.878 


1.877 


1.877 


1.876 


S.D. 


.032 


.032 


.031 


.032 


.032 


.031 


DEL 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 



V 


r 






V|LC 






'{ 


1.48 


- 


2.24 


1.32 


- 


r 1 


r 1 




r 1 


r -1 


2.08 


1.16 


^ 


e— H 




[ i 


I i 


i 3 


: 1.92 


1 


- 






L -J 


L J 




1.76 






1 1 1 1 





VjHC 







48 168 500 1000 2000 
Time(H) 



l-i-f-f-\- 



48 168 500 1000 2000 
Time(H) 
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4. SEMICONDUCTOR MEMORY 
FAILURES 

The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 

Semiconductor Element Failure Rate Curve 
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1 ) Surge Destruction 

This is destruction of the input/output stage cir- 
cuits by external surge currents or static elec- 
tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 



al conditions) in the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated in the input and 
output sections. 




Al 
j /' ^ , Input section 

Y Poly Si 

Destruction 
position 



2) Oxide Film Insulation Destruction (Pin Holes) 

Unlike surge destruction, this kind of failure is 
caused by manufacturing defects. Local wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, it can be resolved by maintaining an 
ultra-clean manufacturing environment and 
through 1 00% burn-in screening. 

3) Surface Deterioration due to Ionic Impurities 

Under some temperature and electric field condi- 
tions, charged ionic impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 

4) Photolithographic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in- 
tervention in the process, and unparalleled 
cleanliness, solves this problem. 




Example of surge destruction 



Photolithographic Defect 
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5) Aluminum Corrosion 

Aluminum corrosion is due to electrolytic reac- 
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 

6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMs. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present in minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 
referred to as a "soft" failure. At Oki we have 
eliminated the problem by coating the chip sur- 
face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 



Package ceramic 
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7) Degradation in Performance Characteristics 
Due to Hot Electrons 

With increased "miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- 
though previous low-temperature operation tests 
have indicated an increase of this failure, we 
have confirmed by our low-temperature acceler- 
ation tests, including checks on test element 
groups, that no such problem exists in Oki LSIs. 



B^ 



Drain 



Source 



Source 



+Vg 
J^ Gate 



Hot electrons 



Silicon oxide 0^ / Drain 



+ Vr 




Substrate silicon 



Characteristic deterioration caused 
by hot electrons 



With further progress in the miniaturization of cir- 
cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
increased. To eliminate these defects during 
manufacturing, Oki has been continually improv- 
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
In screening for 48 to 96 hours to ensure even 
greater reliability. 
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MOS DYNAMIC RAMS 




MSM3764A 

MSM41256A 

MSM41257A 

MSM41464 

MSM51C256 

MSM511000A 

l\/ISM511001A 

MSM511002A 

MSM514256A 

MSM514258A 

MSM514100 

MSM514102 

MSM5 14400 

MSM5 14402 

MSC2304YS8-KS8 

MSC2304YS9-KS9 

MSC2307YS9-KS9 

MSC2312A-XXYS9/KS9 

MSC2313A-XXYS8/KS8 

MSC2320A-XXYS9 

MSC2321A-XXYS18 

MSC2328A-XXYS2/KS2 

MSC2340-XXYS9/KS9 



65,536-Word x 1 -Bit RAM (NMOS) <Page Mode> 69 

262,1 44-Word x 1 -Bit RAM (NMOS) <Page Mode> 85 

262,1 44-Word x 1 -Bit RAM (NMOS) <Nibble Mode> 1 00 

65,536-Word x 4-Bits RAM (NMOS) <Page Mode> 116 

262,144-Word x 1-Bit RAM (CMOS) .131 

1 ,048,576-Word x 1 -Bit RAM (CMOS) <Fast Page> 1 47 

1 ,048,576-Word x 1 -Bit RAM (CMOS) <Nibble Mode> ... 1 62 
1 ,048,576-Word x 1 -Bit RAM (CMOS) <Static Column> . . 1 77 

262,1 44-Word x 4-Bits RAM (CMOS) <Fast Page> 191 

262,144-Word x 4-Bits RAM (CMOS) <Static Column> ... 205 

4,1 94,304-Word x 1 -Bit RAM (CMOS) <Fast Page> 220 

4,1 94,304-Word x 1 -Bit RAM (CMOS) <Static coiumn> . . . 234 

1 ,048,576-Word x 4-Bits RAM (CMOS) <Fast Page> 248 

1 ,048,576-Word x 4-Bits RAM (CMOS) <static Coiumn> . . 262 

262,144-Word x8-Bits RAM (NMOS) <PageMode>(MODULE) 277 

262,144-Word x 9-Bits RAM (NMOS) <Page Mode> (MODULE) 292 

262,144-Word x 9-Bits RAM (NMOS) <Nibble Page Mode> (MODULE) . . 307 

1 ,048,576-Word x 9-Bits RAM (CMOS) (MODULE) 321 

1 ,048,576-Word x 8-Bits RAM (CMOS) (MODULE) 331 

262,144-Word x 36-Bits RAM (MODULE) 341 

524,288-Word x 36-Bits RAM (MODULE) 351 

262,144-Word x 8-Bits RAM (MODULE) 360 

4,1 59,300-Word x 9-Bits RAM (CMOS) (MODULE) 370 



MSM3764A 



65,536-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32) 



GENERAL DESCRIPTION 



The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words. 
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory, 
peripheral storage and environments where low power dissipation and compact layout is required. 

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin 
DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. 

The MSM3764A is fabricated using silicon gate NMOS and Oki's advanced Double-Layer Polysilicon process. This 
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip 
size. Dynamic circuitry is employed in the design, including the sense amplifiers. 



E« 



Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and output are TTL 
compatible. 

FEATURES 



• 65,536 X 1 R AM, 1 6 or 1 8 pin package 

• Silicon-gate, Double Poly NMOS, single transistor cell 

• Row access time, 

120 ns max (MSM3764A-12) 
150 ns max (MSM3764A-15) 

• Cycle time, 

220 ns min (MSM3764A-12) 
260 ns min {MSM3764A-1 5) 

• Low power: 330 mW active, 

28 mW max standby 

• Single +5V Supply, ±10% tolerance 

• All inputs TTL compatible, low capacitive load 



• Three-state TTL compatible output 

• "Gated" CAS 

• 128 refresh cycles/2 ms 

• Common I/O capability using "Early Write" 
operation 

• Output unlatched at cycle end allows extended page 
boundary and two-dimensional chip select 

• Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

• On-chip latches for Addresses and Data-in 

• On-chip substrate bias generator for high 
performance 
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WaJC 4 
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PIN CONFIGURATION 



Pin NarrtM 


Function 


A,>A, 


Addr*M Incuts 


Aas 


Row Addrvn Strob* 


fA§ 


Column AddrMS Strob* 


m 


Writ* En«bl« 


D»n 


Data Input 


Dout 


Data Output 


vcc 


Poww <*6V) 


vss 


Ground (OV) 


NC 


No Connaction 



' Ratraah Addrau 




Pin Namai 


Function 


A,~A, 


Addra*$ Inputs 


RA§ 


Row Addra«» Stroba 


CAS 


Column Addrati Stroba 


WT 


VWrita Enabia 


Din 


Data Input 


Dout 


Data Output 


^^cc 


Po war Supply <+5V) 


Vss 


Ground (OV) 



' Rafrath Addrast 
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FUNCTIONAL BLOCK DIAGRAM 



RAS- 
CAS- 



Ao~A7|I~ 



Column 
Address 
Buffers 



Row 
Address 
Buffers 



VCC- 

vss- 



Timing 
Generator 



to 



Timing 
Generator 



Tinning 
Generator 



L-A 



Row 
De- 
coders 



Word 
Driv- 
ers 



On chip VbB 
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Decoders 



Write 

Clock 

Generator 



Sense Amps 



Selection 



Memory 
Cells 



I/O "* Output 



Buffer 



Data 

Input 

Registor 



-WE 



-Dout 



-Din 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


V|N' VouT 


-1 to +7 


V 


Voltage on \/qq supply relative to Vss 


vcc 


-1 to +7 


V 


Operating temperature 


Topr 


Oto70 


°C 


Storage temperature 


^stg 


-55 to +150 


"C 


Power dissipation 


Pd 


1.0 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional opera- 
tion should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 

(Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
Temperature 


Supply Voltage 


VCC 


4.5 


5.0 


5.5 


V 




VSS 











V 




Input High Voltage, all inputs 


V|H 


2.4 




6.5 


V 


0°Cto+70^C 


Input Low Voltage, all inputs 


V|L 


-1.0 


-1.0 


0.8 


V 
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Parameter 


Symbol 


Min. 


Max. 


Unit 


Notes 


Operating Current* 

Average power supply current 

(RAS, CAS cycling; tpc " "^'"^ 


'cci 




60 


mA 




Standby Current 
Power supply current 
(RAS-CAS- V|h) 


ICC2 




5.0 


mA 




Refresh Current* 

Average power supply current 

(RAS cycling, CAS = V|h; tpc = min.) 


ICC3 




40 


mA 




Page Mode Current* 

Average power supply current 

(RAS = V||_, CAS cycling; tpc ^ min.) 


•CC4 




60 


mA 




Input Leakage Current 
Input leakage current, any input 
(OV < V|N < S.BV, all other pins not 
under test = OV) 


ILI 


-10 


10 


mA 




Output Leakage Current 
(Data out is disabled, 
OV < VouT^5.5V) 


•lo 


-10 


10 


mA 




Output Levels 

Output high voltage (loH " ~5 mA) 

Output low voltage (IqL ^ ^-2 rnA) 


VOH 

Vol 


2.4 


0.4 


V 
V 





t* 



Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open. 



CAPACITANCE 



(Ta= 25°C, f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input Capacitance (A^ ~ A, , D||vj) 


CjNI 


- 


5 


PF 


Input Capacitance (RAS, CAS, WE) 


C|N2 


- 


8 


pF 


Output Capacitance (Dquj) 


COUT 


- 


7 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Note 1,2,3 



Parameter 


Symbol 


Units 


MSM3764A-12 


MSM3764A-15 


Note 


Min. 


Max. 


Min. 


Max. 


Refresh period 


tREF 


ms 




2 




2 




Random read or write cycle time 


tRC 


ns 


220 




260 






Read-write cycle time 


tRWC 


ns 


245 




280 






Page mode cycle time 


tpc 


ns 


120 




145 






Access time from RAS 


tRAC 


ns 




120 




150 


4,6 


Access time from CAS 


tCAC 


ns 




60 




75 


5,6 


Output buffer turn-off delay 


tOFF 


ns 





35 





40 




Transition time 


n 


ns 


3 


35 


3 


35 




RAS precharge time 


tRP 


ns 


90 




100 






RAS pulse width 


tRAS 


ns 


120 


10,000 


150 


10,000 




RAS hold time 


tRSH 


ns 


60 




75 






CAS precharge time (Page cycle) 


tCP 


ns 


50 




60 






CAS pulse width 


tCAS 


ns 


60 


10,000 


75 


10.000 




CAS hold time 


tCSH 


ns 


120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


60 


25 


75 


7 


CAS to RAS precharge time 


tCRP 


ns 














Row Address set-up time 


^ASR 


ns 














Row Address hold time 


tRAH 


ns 


15 




15 






Column Address set-up time 


tASC 


ns 














Column Address hold time 


tCAH 


ns 


20 




20 






Column Address hold time 
referenced to RAS 


tAR 


ns 


80 




95 






Read command set-up time 


tRCS 


ns 














Read command hold time 


tRCH 


ns 














Write command set-up time 


twcs 


ns 


-10 




-10 




8 


Write command hold time 


tWCH 


ns 


40 




45 






Write command hold time 
referenced to RAS 


tWCR 


ns 


100 




120 






Write command pulse width 


tWP 


ns 


40 




45 






Write command to RAS lead time 


tRWL 


ns 


40 




45 






Write command to CAS lead time 


^CWL 


ns 


40 




45 






Data-in set-up time 


tDS 


ns 














Data-in hold time 


tDH 


ns 


40 




45 






Data-in hold time referenced 
to RAS 


^DHR 


ns 


100 




120 






CAS to WE delay 


^CWD 


ns 


40 




45 




8 


RAS to WE delay 


tRWD 


ns 


100 




120 




8 


Read command hold time 
referenced to RAS 


tRRH 


ns 














CAS precharge time 


tCPN 


ns 


30 




35 
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NOTES: 1) An initial pause of 100ms is required after power-up followed by any 8 RAS cycles (Exannples; RAS 
only) before proper device operation is achieved. 

2) AC measurements assume t J = 5 ns. 

3) ViH (Min.) and V|l (Max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V|n and V|l. 

4) Assumes that tRCD < tRCD (iT^ax)- 

If tRCD is greater than the maximum recommended value shown in this table, tRAC vvill increase by 
the amount that tRQQ exceeds the value shown. 

5) Assumes that tRCD < tRCD (i^sx) 

6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

7) Operation within the tRCD (max.) limit insures that tRAC (nnax.) can be met. tRCD (max.) is spe- 
cified as a reference point only; if tRCD 's greater than the specified tRCD (max.) limit, then access 
time is controlled exclusively by tQAC- 

8) twcS' ^CWD ai^d tRWD ^^^ "ot restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only; if t\/\/cs ^ twCS (min.), the cycle is an early write cycle and the oata 
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcWD ^ ^cwD 
(min.) and tR\/\/D > tR\/\/D (min.) the cycle is read-write cycle and the data out will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data 
out (at access time) is indeterminate. 
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READ CYCLE TIMING 



RAS 



V|H- 
VjL 



-tRC- 



-tRAS- 



-tAR- 



-tRCD- 



ViH 

CAS V|L 



Addresses 



V|H- 
V|L 



^O. 



WB ^--:^ 




— tRSH- 
-tCAS- 



tCAH 



Column 
^ Address 



tCSH- 



-tRp- 

h- tCRP-.- 



.C7' 



\. 



-tcPN- 



S:^i 



Dqut 



VOH- 
VOL- 




-tCAC- 



-tRAC- 



OPEN k- 



< 



W////MM. 



Valid Data 



tOFF 



> 



"H", "L" = Don't Care 
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WRITE CYCLE TIMING 

(EARLY WRITE) 



V,H- 

RAS V|L- 



CAS 



V|H 
V|L 



Addresses '*^ ^ 



WE 



D|N 



Z-l 



tASR 



-tAR- 



-tRCD i- 



^O. 



tRAH 

tASC-^ 



Row 
Address 



tRAS- 



-tRC- 



/ 



— tRSH- 
-^CAS — 



.(D' 



-tCSH- 



/ Column 
Address 



iT~m 



iwcs 



tWCH 



-^CWL- 



-tWP- 



tWCR 
tDS 



tRWL- 



p: 



-tDH- 



Valid Data 



DOUT 



VOH- 
VOL-' 



-tDHR- 



OPEN 



^— tRP- 
-^tCRPH 



V 



-tCPN- 



m. 



READ-WRITE/READ-MODI FY-WRITE CYCLE 



RAS 



V|H- 
V|L- 



-tAR- 



-tRCD- 



V|H-" 

CAS vn - 



tASR 



Addresses 



V|L-. 



tRAH 



Row 
L Address 



tASC 



Dqut 



-'IN 



V0H-_ 
VOL- 



V|L- 



-tRAS- 



tRWC- 



— tRSH- 
-tCAS — 



tCAH 



— tCSH- 



_ Column 
\ Address 



A 



-^tcPN-H 







-tRWD- 



-tCWD- 



-tCAC- 



H OPEN 
tRAC- 



< 



— tcWL- 
— tRWL- 



U-tRP^ 
■tCRP^ 



-i-twP-^ 



Valid Data 



tOFF 



I^DS ItDH 



mMMM ^'^^-MM/, 



^ 



^"H", "L"= Don't Care 
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RAS ONLY REFRESH TIMING 

(CAS: VtH.^FSt Din: Don't care) 



RAS 



Dqut 



V|H 
V|L 



V|H - 
IL - 



VOH 

Vol 



-HtASR 



N. 



-tRAS- 



-tRAH-^ 



Row Address 



OPEN 



-tRC- 



/ 



-tRp- 



m 



"H", "L" = Don't Care 



PAGE MODE READ CYCLE 



V,H- 

RAS V|L- 



TTT? V|H- 
CAS V|L- 



tASR, 



Adresses 



V|H- 
V|L- 



-tRAS — 



-tAR- 



h- tRCD^ 



dCSH 



tPC- 



tRAH 



1^. 



'pro* 
Add. 



^ 



ASC 



Col 
Addi 



tCAS- 



tCAH 



DOUT 



WE 



VOH- 
VOL- 



tRAC- 



tpp 
-^^^ k-tcAS-H ,, — tCAS--1 

,^3C^tcAH ^^tfe^tCAH 



Add. 



-OPEN- 



_^CS tRcnl 



tOFFl K^CAC 



^ ) OPEN- 

1*^ — T Urcs 



/ 



hi tRSH H h- tRP-^ 

tCRP 



t^SC 

, CoT 
%Add. 

h-tcAC— 1 

r-^oFF 



w 



^ 



.C--| h-tcAC-q I 

-Mr-^OFF -^ l^toFF 



H-tRCH-^ 



"H","L"= Don't Care 
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PAGE MODE WRITE CYCLE 



RAS 



V|H- 



V|H-- 

CAS V|L - 



tASR 



Addresses , 



WE 



-tRAS- 



H- ^4^ — tAR— i^ 



A 



-^tRCD- 



^CSH- 



-tpc 



tRAH 



1^. 



tcAS-:q ^ 



iAsc 






tCAH 



D|N 



tASC 



tCAH 



-tDHR- 



tASC 



— tRSH-^ 
— tcAS--i 



tCAH 




— tRP 

[--tCRP^ 
? — 




"H", "L" = Don't Care 



PAGE MODE, READ-MODI FY-WRITE CYCLE 



RAS 



v': "i ^'-H 



CAS V|L 



Addresses 



WE 



-tRAS- 



^SfrtUfT^..., 



tCP 



-tRSH- 



U-tRp-^ 



tCAH 1- tCRP- 




tRCSj-tcwp ^RCSl 

\ tDS tDH 



^RCS! ^Dt^p 



V|H 



tDS 



\^(^' 



tDH 




°'- vir 'mmm ^iy^wcj^ 



twP 



-'OUT 



VOH 

Vol 



-tR^C^^^'' HcAC^pa^'V^CAC^ 
OPEN 



//MMLL. 






OPEN- 




<z> 



"H" , "L" = Don't Care 
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HIDDEN REFRESH 
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DESCRIPTION 



Address Inputs: 

A total of sixteen binary input address bits are required 

to decode any 1 of 65536 storage cell locations within 

the MSM3764A. Eight row-address bits are established 

on the input pins (Ao^A,) and latched with the Row 

Address Strobe (RAS). The eight column-address 

bits are established on the input pins and latched with 

the Column Address Strobe (CAS). All input addresses Page Modei 

must be stable on or before the falling edge of RAS. 

CAS is internally inhibited (or "gated") by RAS to 

permit triggering of CAS as soon as the Row Address 

Hold Time (tp/^n) specification has been satisfied and 

the address inputs have been changed from row-addresses 

to column-addresses. 



Write Enable: 

The read mode or write mode is selected with the WE 
input. A logic high (1) on WE dictates read mode; 
logic low (0) dictates write mode. Data input is dis- 
abled when read mode is selected. 

Data Input: 

Data is written into the MSM3764A during a write or 
read-write cycle. The last falling edge of WE or CAS is 
a strobe for the Data In (D|(\|) register. In a write 
cycle, if WE is brought low (write mode) before CAS, 
D|N is strobed by CAS, and the set-up and hold times 
are referenced to CAS. In a read-write cycle, WE will 
be delayed until CAS has made its negative transistion. 
Thus D||\| is strobed by WE, and set-up and hold times 
are referenced to WE. 

Data Output: 

The output buffer is three-state TTL compatible with 
a fan-out of two standard TTL loads. Data-out is the 



same polarity as data-in. The output is in a high im- 
pedance state until CAS is brought low. In a read cycle, 
or read-write cycle, the output is valid after tp/^c ^""om 
transition of RAS when tpcD (nriax.) is satisfied, or 
after tQ/^Q from transition of CAS when the transition 
occurs after tpcD (rnax.). Data remain valid until CAS 
is returned to a high level. In a write cycle the identical 
sequence occurs, but data is not valid. 



Page-mode operation permits strobing the row-address 
into the MSM3764A while maintaining RAS at a logic 
low (0) throughout all successive memory operations in 
which the row-address doesn't change. Thus the power 
dissipated by the negative going edge of RAS is saved. 
Further, access and cycle times are decreased because 
the time normally required to strobe a new row-address 
is eliminated. 



Refresh: 

Refresh of the dynamic memory cells is accomplished 
by performing a memory cycle at each of the 128 row- 
addresses (A(,~Ag) at least every two milliseconds. 
During refresh, either V||_ or V|h is permitted for A,. 
RAS only refresh avoids any output during refresh 
because the output buffer is in the high impedance 
state unless CAS is brought low. Strobing each of 128 
row-addresses with RAS will cause all bits in each rwo 
to be refreshed. Further RAS-only refresh results in a 
substantial reduction in power dissipation. 

Hidden Refresh: 

RAS ONLY REFRESH CYCLE may take place while 
maintaining valid output data. This feature is referred 
to as Hidden Refresh. 

Hidden Refresh is performed by holding CAS as V|l 
from a previous memory read cycle. 
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TYPICAL CHARACTERISTICS 
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'CCI (tRP: Constant) v.s. Vqc 
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•CC3 (tRAS: Constant) v.s. Vqc 
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'CC4 (tCAS^ Constant) 
v.s. Vcc 
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Address Input v.s. Vqc 
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Vcc = 5.5V 
Ta = 25°C 
50 ns/div 



RAS/CAS CYCLE, LONG RAS/CAS CYCLE, RASONLY CYCLE, PAGE MODE CYCLE 



'CC 
[mA] 



D AC 






















_y- 






















1 


L 


r 






"l 








L 


rA< 




J 




.ajn. 


1 ACl 




L 




















I 


1 on 
















































\ 




































lUU 






1 

I 








1 






1 




















80 






i\ 




,i 


L_ 


. 






L_ . 












I 


I 


I 


\ 1 


bU 






'I 




\ 


h 






\ 










\ 








4U 
90 










\\ 


m 




1 


\ 










\u 


y 


n 


_j 


A 


^ 


vJ 


1 \ 


1' 




J. 


.V 


1 . 






^ 


^ 


1' 


if 1 


i| 


U 








v^ 








^ 


7- 






-\r 



















N 



83 



I DYNAMIC RAMS • MSM3764A i 



MSM3764A Bit MAP (Physical-Decimal) 
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miconductor 



MSM41 256A 



262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Page Mode Type> 



GENERAL DESCRIPTION 

The Oki MSM41256A is a fully decoded, dynamic NMOS random access memory organized as 
262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low powerdissipa- 
tion and compact layout is required. 

Multiplexed row and column address inputs permit the MSM41 256A to be housed in a standard 
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM 
41256A offer s new functional enhancements that make it more versatile than previous dynamic RAMs. 
"CAS-before-RAS" refresh provides an on-chip refresh capability. 

The MSM41256A is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 
output are TTL compatible. 



m 



FEATURES 



• 262,144 X 1 RAM, 16 or 18 pin package 

• Silicon-gate, Double Poly NMOS, single 
transistor cell 

• Row access time: 

1 00 ns max (MSM41 256A-1 0) 
1 20 ns max (MSM41 256A-1 2) 
1 50 ns max (MSM41 256A-1 5) 

• Cycle time: 

200 ns min (MSM41 256A-1 0) 
220 ns min (MSM41 256A-1 2) 
260 ns min (MSM41 256A-1 5) 

• Low power: 

330 mW active (MSM41 256A-1 0) 
303 mW active (MSM41 256A-1 2) 
275 mW active (MSM41 256A-1 5) 
28 mW max standby 

• Single +5V Supply, ±10% tolerance 



All inputs TTL compatible, low capacitive load 

Three-st ate T TL compatible output 

"Gated" CAS 

256 refresh cycles/4 ms 

Common I/O capability using "Early Write" 

operation 

Output unlatched at cycle end allows 

extended page boundary and 

two-dimensional chi p se lect 

Read-Modify-Write, RAS-only refresh, 

capability 

On-chip latches for Addresses and Data-in 

On-chip substrate bias generator for high 

perfo rmanc e 

CAS-before-RAS refresh capability 

"Page Mode" capability 
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PIN CONFIGURATION (TOP VIEW) 
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Ao 








FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


VjN.VoUT 


-1 to +7 


V 


Voltage on Vcc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


Topr 


OXoTO 


°C 


Storage temperature 


Tstg 


-55 to +1 50 


°C 


Power dissipation 


Pd 


1.0 


W 


Short circuit output current 




50 


mA 



Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
Temperature 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 


0°Cto+70°C 


Input High Voltage, all inputs 


V|H 


2.4 




6.5 


V 




Input Low Voltage, all inputs 


V|L 


-1.0 




0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



m 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Notes 


OPERATING CURRENT* 


MSM41256A-10 


'CC1 




60 


mA 




Average power supply current 


MSM41256A-12 


55 




(RAS, CAS cycling; tpc = ^nin.) 


MSM41256A-15 


50 




STANDBY CURRENT 
Power supply current 
(RAS=CAS=V|h) 


ICC2 




5.0 


mA 




REFRESH CURRENT r 


MSM41256A-10 


ICC3 




55 


mA 




Average power supply current 


MSM41256A-12 


50 




(RAS cycling, CAS = V|h; tpc ^ min.) 


MSM41256A-15 


45 




PAGE MODE CURRENT* 


MSM41256A-10 


ICC4 




40 


mA 




Average power supply current 


MSM41256A-12 


35 




(RAS = V||_, CAS cycling; tpc = min.) 


MSM41256A-15 


30 




REFRESH CURRENT 2* 


MSM41256A-10 


ICC5 




55 


mA 




Average power supply current 


MSM41256A-12 


50 




(CAS before RAS; tpc = min.) 


MSM41256A-15 


45 




INPUT LEAKAGE CURRENT 
Input leakage current, any input 
(OV < V|N < 5.5V, all other pins not 
under test =0V) 


ILI 


-10 


10 


mA 




OUTPUT LEAKAGE CURRENT 
(Data out is disabled, OV < VquT ^ 5. 


5V) 


ILO 


-10 


10 


mA 




OUTPUT LEVELS 

Output high voltage (Iqh "" ~^ mA) 

Output low voltage (Iql "" 4-2 mA) 


VOH 

Vol 


2.4 


0.4 


V 
V 





Note*: Iqc 's dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input capacitance (Ao ~ As , D|n) 


C|N1 


- 


6 


PF 


Input capacitance (RAS, CAS, WE) 


C|N2 


- 


7 


PF 


Output capacitance (Dqut) 


COUT 


- 


7 


pF 



Capacitance measured with Boonton Meter. 




AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



-■ DYNAMIC RAMS • MSM41256A ■ 



Note 1,2,3 



Parameter 


Symbol 


Unit 


MSM41256A- 
10 


MSM41256A- 
12 


MSM41256A- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Refresh period 


tREF 


ms 




4 




4 




4 




Random read or write 
cycle time 


tRC 


ns 


200 




220 




260 






Read-write cycle time 


tRWC 


ns 


205 




225 




260 






Access time from RAS 


tRAC 


ns 




100 




120 




150 


4,6 


Access time from CAS 


tCAC 


ns 




50 




60 




75 


5,6 


Output buffer turn-off 
delay 


tOFF 


ns 





30 





30 





30 




Transition time 


tT 


ns 


3 


50 


3 


50 


3 


50 




RAS precharge time 


tRP 


ns 


90 




90 




100 






RAS pulse width 


tRAS 


ns 


100 


10)LtS 


120 


10/xS 


150 


lO/tS 




RAS hold time 


tRSH 


ns 


50 




60 




75 






CAS pulse width 


tCAS 


ns 


50 


IOmS 


60 


lO^tS 


75 


lO^LtS 




CAS hold time 


tCSH 


ns 


100 




120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


50 


25 


60 


25 


75 


7 


CAS to RAS set-up time 


tCRS 


ns 


20 




25 




30 






Row address set-up 
time 


tASR 


ns 



















Row address hold time 


tRAH 


ns 


15 




15 




15 






Column address set-up 
time 


tASC 


ns 



















Column address hold 
time 


tCAH 


ns 


20 




20 




25 






Read command set-up 
time 


tRCS 


ns 



















Read command hold 
time referenced to CAS 


tRCH 


ns 



















Read command hold 
time referenced to RAS 


tRRH 


ns 


20 




20 




20 






Write command set-up 
time 


twcs 


ns 

















8 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Unit 


MSM41256A- 
10 


MSM41256A- 
12 


MSM41256A- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write command pulse 
width 


twp 


ns 


15 




20 




25 






Write command hold 
time 


tWCH 


ns 


15 




20 




25 






Write command to 
RAS lead time 


tRWL 


ns 


35 




40 




45 






Write command to 
CAS lead time 


tCWL 


ns 


35 




40 




45 






Data-inset-uptime 


tDS 


ns 



















Data-in hold time 


tDH 


ns 


20 




20 




25 






CAS to WE delay time 


tCWD 


ns 


15 




20 




25 




8 


Refresh set-up time for 
CAS referenced to RAS 


tpcs 


ns 


20 




25 




30 






Refresh hold time for 
CAS referenced to RAS 


tpCH 


ns 


20 




25 




30 






CAS precharge time 
(C before R cycle) 


tCPR 


ns 


20 




25 




30 






RAS precharge to 
CAS active time 


tRPC 


ns 


20 




20 




20 






Page mode cycle 
time 


tpc 


ns 


100 




120 




145 




9 


Page mode read 
write cycle time 


tPRWC 


ns 


105 




125 




145 




9 


Page mode CAS 
precharge time 


tCP 


ns 


40 




50 




60 




9 


Refresh counter test 
cycle time 


tRTC 


ns 


315 




355 




415 




10 


Refresh counter test 
RAS pulse width 


tjRAS 


ns 


215 


10/xS 


255 


lOjUs 


305 


^OfJLS 


10 


Refresh counter test 
CAS precharge time 


tCPT 


ns 


50 




60 




70 




10 
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Notes: 1 An initial pause of 100 /xs is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC measurements assume tj = 5 ns 

3 V|H (Min.) and V|l (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between Vjh and V|l. 

4 Assumes that tpcD = tpcD (Max.). If tpcD 'S greater than the maximum recommended 
value shown in this table, tpAC will increase by the amount that tpcD exceeds the value 
shown. 

5 Assumes that tRCD ^ tRCD (Max.). 

6 Measured with a load circuit equivalent to 2TTL loads and 1 00 pF. 

7 Operation within the tpcD (Max.) limit insures that tpAc (Max.) can be met. tpcD (Max.) 
is specified as a reference point only; if tpcD 'S greater than the specified tpcD (Max.) 
limit, then access time is controlled exclusively by tcAC- 

S *WCS ^^^ *CWD ^^^ "^ot restrictive operating parameters. They are included in the data 
sheet as electrical charcteristics only; if twcs - *WCS (nnin.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwD - ^CWD ('T^in). the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied the condition of the data out (at access time) is indeterminate. 

9 Page mode cycle. 

1 CAS before RAS Refresh Counter Test Cycle only. 



m 
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READ CYCLE 



RAS 



CAS 



V|H- 
V|L- 



Addresses 



V|H 

WE ,/" 

V|L 



DOUT 



VOH- 
VOL-" 



^\ 



^CRS 



^ASR 



_tRc- 



T^RAS- 



-^CSH- 



-^RCD- 



tRAH ^ASC 



Row 
Address 



'C^. 



— ^RSH- 
-^CAS — 



^CAH 



,^ 'v 



-tRp- 



.a' 



Column 
Address 



1:rCS 




-^CAC- 



I— 



OPEN h 



^RCH 



^RRH 



Valid ^^ 

__Data__/ 



-^OFF 



WRITE CYCLE (EARLY WRITE) 



RAS 



CAS 



V|H- 
V,L- 



Addresses 



i^CRS 



n; 



^ASR 



_tRAS- 



-^RCD- 



tRAHtASC 



'^. 



-^CSH- 



-^CAS- 



*CAH 



/' '\ 



-tpp- 



.€/■ 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 



RAS ^'H- 

V|L- 



^CRS 



CAS 



Addresses 



-^RAS- 



/' 



-^RCD- 



-^CSH- 



-^CAS- 




DQUT Vr 



-'IN 




Ei 



PAGE MODE READ CYCLE 



V|H 

RAS V|L- 



V|H- 

CAS V|L- 



tASR 



V|H- 
Adresses y 



-tRAS- 



MrcD- 



tCSH 



tPC- 



tRAH \i- 



L^PB^ 



tCAS- 



ASC 



Col 



tCAH 



^ h ^RSH- 

— H tpp 

'tAScin'^^"^ ^1^'''^'' 



DOUT 



WE 



VOH- 
VOL- 



h— tCAC- 
tRAC 



-OPEN- 



Col. 
\dd. 



tOFF 



[— tcAC-* 



tRCS tRCH 



M 



A 



-tRP-H 



« Col. 
\Add. 



|*-tcAC-^ 
tOFF 
/ 1) OPEN ir^ ^5- 



h^^oFF 



c> 



I 






3"H"."L"= Don't Care 
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PAGE MODE WRITE CYCLE 



RAS 



V|H 



V|H- 

CAS V|L- 



tWCHH 



-^tRCD^iit^tcAS-^ 






_, t^SC 



WE 




H" "|_" = Don't Care 



PAGE MODE, READ-MODIFY-WRITE CYCLE 




tRAS- 



Addresses 



/^H )C% // 



tRCs[^|tCWD 



^ Vr.zMm 



tCAH 



tASC 



-tRSH- 



U-tRp^ 



tCAH 



tRCS 



tCWD I l^CWD 



-•in 



Dqut 



V|L_ .'\' //////////// 



IDH 



tDS tDH 



^C^' 




twp 



VOH- 
VOL- 



k-tCAC-^ 

-tRAC 






-OPEN- 



tOFF 



<^' 



OPEN- 




<z> 



|"H" . "L" = Don't Care 
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RAS ONLY REFRESH CYCLE 



RAS ^IH- 



Addresses 



Dqut 



VoL- 



NOTE: CAS = V|H, WE, D|N = Don't care 



^ASR- 



-tRAS- 



-^^RAH— ^ 



Row 
Address 



K 



OPEN H 



-tRp- 



^ 



CAS-BEFORE-RAS REFRESH CYCLE 



RAS 



CAS 



VoH- 
DOUT vn. - 



NOTE: Address, WE, D|M = Don't care 



A ^OFF 



>. 



/' K 



OPEN 



Don't Care 
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HIDDEN REFRESH CYCLE 



RAS 



CAS 



-^tRp— I- 



Addresses 



V|H - y77y 

WE (Read) ^|" _ -^ 



DOUT 



WE v,H- 

(Read-Write)V,L- 



Valid Data 



^CWD 



X 



-ty/VP- 




CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



^FCS 



V|H- "^ 
V|L- V 



-^RTC- 



\: 



-^TRAS - 



^CPT 



Addresses 



V|H- 



V|H- Vy 

WE (Read) ' ^ 

V||_- 



DOUT 



WE (Write) 



vqh- 
VOL- 

V|H- ^ 
V,L- 



D|N 



V|H- 
V|L- 




— ^RSH- 
-^CAS — 



-^CAH- 



Col. Address 



/ 



A 'v 



X. 



^CAC 




•^RCS tcwD^ h — ^CWL- 




Valid Data 




Don't Care 
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FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 

The MSM41256A has the circuit considera- 
tions for easy operational timing requirements 
for high speed access time operations. The 
MSM41 256A can operate under the condition of 
tRCD (max) = tcAC which provides an optimal 
time space for address multiplexing. In addition, 
the MSM41256 A ha s the minimal hold time of 
Address (tcAH). WE (twCH) and D|n (tpH)- And 
the MSM41256A can commit better memory 
system through-put during operations in an inter- 
leaved- system. Furthermore, Oki has made 
timing requirements referenced to RAS non- 
restrictive and deleted from the data sheet, 
which includes tAR, twCR- ^DHR anci tpwD- 
Therefor e, th e hold times of th e Co lumn Address 
D|N and WE as weH as tcwD (CAS to WE Delay) 
are not restricted by tpcD- 

Fast Read- While-Write Cycle: 

The MSM41256A has the fast read while 
write cycle which is achieved by excellent con- 
trol of the three-state output buffer in addition 
to the simplified timings described in the pre- 
vious section. The outpu t buf fer is controlled 
by the state of WE whe n CAS goes low. When 
WE is low during CAS transition to low, the 
MSM41256A goes to early write mode where 
the output becomes floating and common I/O 
bus c an b e used on the system level. Whe reas, 
when WE goes low after tcwD following CAS 
transition to low, the MSM41256A goes to 
delayed write mode where the output contains 
the data from the cell selected and the data from 
D|N is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 

Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,1 44 storage 
cell location within the MSM41 256A. Nine row- 
address bits are established on the Input pins 
(Ao through A s) an d latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input pin s an d 
latched with the Column Address Strobe (CAS). 
All input addresse s must be stable on or before 
the falling edge of R AS. C AS is internally inhibit- 
ed (o r "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(*RAH) specification has been satisfied and the 
address inputs have been changed from row- 
addresses to column-addresses. 



Write Enable: 

The read or write mode is sel ected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected. 

Data Input: 

Data is written into the MSM41 256A during a 
write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in (D|n) 
register. In a write cycle, if WE is brought "low" 
(write mode) before CAS, D|n is strobed by CAS, 
and t he set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed 
until CAS has made its negative transition. Thus 
D|N is strobed by WE , and set-up and hold times 
are referenced to WE. 

Data Output: 

The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data i n. T he 
output is in a high impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, the o utput is valid after tpAC ^^^^ transi- 
tion of RAS when tRCD (max ) is satisfied, or after 
tcAC fi'O'^ transition of CAS when the transition 
occurs after tpcD (max). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permi ts st robing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn't change. 
Thus th e pow er dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 



M 
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RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-a ddres ses (Ao to A^) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the o utput 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Ao to A^) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 

CA S Be fore RA S Re fresh: 

CAS before RAS refreshing available on the 
M SM41 256A offers an alterhate refresh method. 
If CAS is hel d on low for the specified period 
(tpcs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter Is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaini ng la test valid data at the output by ex- 
tending CAS active time from the previous 
memory rea d cyc le. In MSM4 1 256A hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the cou nter are 
used to refresh add resses, because CAS is 
always low when RAS goes to low in this mode. 



CAS Before RAS Refresh Counter T est C ycle: 

A special timing sequence using CAS before 

RAS counter test cycle provides a conve nient 
metho d of verifying the functionality of CAS 
be fore RAS ref resh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CA S 
goes to high and goes to low again while RAS is 
held low, the read and write operatioti are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 

* A ROW ADDRESS 

- Bits Ao through A^ are defined by the refresh 
counter. The other bit As is set "high" 
internally. 

* A COLUMN ADDRESS 

- All the bits Ao through As are defined by 
latching levels on Ao through As at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, add highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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MSM41 256A Bit Map (Physical- Decimal) 



□ Pin 16 



252 
128 


253 
128 


254 
128 


255 
128 




3 
128 


2 
128 


1 
128 



128 


DC 

s 

o 
o 

UJ 
Q 

z 

_l 

o 
o 


256 
128 


257 
128 


258 

128 


259 
128 




511 
128 


510 
128 


509 
128 


508 
128 


252 
384 


253 
384 


254 
384 


255 
384 


3 
384 


2 
384 


1 
384 



384 


256 
384 


257 
384 


258 
384 


259 
384 


511 
384 


510 
384 


509 
384 


508 
384 


252 
129 


253 
129 


254 
129 


255 
129 


3 
129 


2 
129 


1 
129 



129 


256 
129 


257 
129 


258 
129 


259 
129 


511 
129 


510 
129 


509 
129 


508 
129 


252 
385 


253 
385 


254 
385 


255 
385 


3 
385 


2 
385 


1 
385 



385 


256 
385 


257 
385 


258 
385 


259 
385 


511 
385 


510 
385 


509 
385 


508 
385 


































252 
254 


253 
254 


254 
254 


255 
254 


3 
254 


2 
254 


1 
254 



254 


256 
254 


257 
254 


258 
254 


259 
254 


511 
254 


510 
254 


509 
254 


508 
254 


252 
510 


253 
510 


254 
510 


255 
510 


3 
510 


2 
510 


1 
510 



510 


256 
510 


257 
510 


258 
510 


259 

510 


511 
510 


510 
510 


509 
510 


508 
510 


252 
255 


253 
255 


254 
255 


255 
255 


3 
255 


2 

255 


1 
255 



255 


256 
255 


257 
255 


258 
255 


259 
255 


511 
255 


510 
255 


509 
255 


508 
255 


252 

511 


253 

511 


254 
511 


255 
511 


3 

511 


2 
511 


1 
511 



511 


256 
511 


257 
511 


258 
511 


259 
511 


511 

511 


510 
511 


509 
511 


508 
511 



m 



ROW DECODER 



ROW DECODER 



252 
383 


253 
383 


254 
383 


255 
383 




3 
383 


2 
383 


1 
383 



383 


DC 
UJ 
Q 

8 

LU 
Q 

Z 

D 
—I 
O 

o 


256 
383 


257 
383 


258 
383 


259 
383 




511 
383 


510 
383 


509 
383 


508 
383 


252 
127 


253 
127 


254 
127 


255 
127 


3 
127 


2 
127 


1 
127 



127 


256 
127 


257 
127 


258 
127 


259 
127 


511 
127 


510 
127 


509 
127 


508 
127 


252 
382 


253 
382 


254 
382 


255 
382 


3 
382 


2 
382 


1 
382 



382 


256 
382 


257 
382 


258 
382 


■259 
382 


511 
382 


510 
382 


509 
382 


508 
382 


252 
126 


253 
126 


254 
126 


255 
126 


3 
126 


2 
126 


1 
126 



126 


256 
126 


257 
126 


258 
126 


259 
126 


511 
126 


510 
126 


509 
126 


508 
126 


































252 
257 


253 
257 


254 
257 


255 
257 


3 
257 


2 
257 


1 
257 



257 


256 
257 


257 
257 


258 
257 


259 
257 


511 
257 


510 
257 


509 
257 


508 
257 


252 

1 


253 

1 


254 

1 


255 

1 


3 

1 


2 

1 


1 
1 




1 


256 

1 


257 
1 


258 

1 


259 

1 


511 
1 


510 

1 


509 
1 


508 

1 


252 
256 


253 
256 


254 
256 


255 
256 


3 
256 


2 
256 


1 
256 



256 


256 
256 


257 
256 


258 
256 


259 
256 


511 
256 


510 
256 


509 
256 


508 
256 


252 



253 



254 



255 



3 



2 



1 







256 



257 



258 



259 



511 



510 



509 



508 




A8ROW-"L" 
REFRESH ADDRESS 

(0 - 255) 

D 
Pin 8 



A8ROW="H" 
REFRESH ADDRESS 

(0-255) 



: CELL 



A = ROW ADDRESS (DECIMAL) 
B =COLUMN ADDRESS (DECIMAL) 



ROW ADDRESS 
8N+6,8N+7,8N,8N+1 
8N+2,8N+3,8N+4,8N+5 
8N+6,8N+7,8N,8N+1 
8N+2, 8N+3, 8N+4, 8N+5 
N=0, 1,2, 63 



COLUMN ADDRESS 
2N 
2N 
2N+1 
2N+1 
N=0, 1,2, 255 



POSITIVE 
NEGATIVE 
NEGATIVE 
POSITIVE 
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MSM41 257A 



262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Nibble Mode Type> 




GENERAL DESCRIPTION 

The Oki MSM41257A is a fully decoded, dynamic NMOS random access memory organized as 
262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa- 
tion and compact layout is required. 

MultJDlexed row and column address incuts permit the MSM41 257A to be housed in a standard 
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the 
MSM41 257A offers new functional enhancements that make it more versatile than previous dynamic 
RAMs. "CAS-before-RAS" refresh provides an on-chip refresh capability, 
high speed serial access to up to 4 bits of data. 

The MSM41257A is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed In the design, including the sense 
amplifiers. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 
output are TTL compatible. 



FEATURES 

• 262,144 X 1 RAM, 16 or 18 pin package 

• Silicon-gate, Double Poly NMOS, single 
transistor cell 

• Row access time: 

100 ns max {MSM41257A-10) 
120 ns max (MSM41257A-12) 
150 ns max (MSM41257A-15) 

• Cycle time: 

200 ns min (MSM41 257A-1 0) 

220nsmin {MSM41257A-12) 

260 ns min (MSM41257A-15) 

• Low power: 

330 mW active {MSM41257A-10) 
303 mW active {MSM41257A-12) 
275 mW active {MSM41257A-15) 
28 mW max standby 



Single +5V Supply, ±10% tolerance 

All inputs TTL compatible, low capacitive load 

Three-state TTL compatible output 

"Gated" CAS 

256 refresh cycles/4 ms 

Common I/O capability using "Early Write" 

operation 

Output unlatched at cycle end allows 

extended page boundary and 

two-dimensional chi p sel ect 

Read-Modify-Write, RAS-only refresh, 

capability 

On-chip latches for Addresses and Data-in 

On-chip substrate bias generator for high 

performance 

CAS-before-RAS refresh capability 
"Nibble Mode" capability 



PIN CONFIGURATION (TOP VIEW) 



WE [2 
RAS[^ 
Ao-C 
A.C 
A.-C 

vccC 



, \J^ 



Ijvss 

I] CAS 
D DoUT 

Da/ 
Da- 



Pin Names 


Function 


Ao~A8 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Ck>lumn Address Strobe 


WE 


Write Enable 


D|N 


Data Input 


DoUT 


Data Output 


vcc 


Power Supply (+5V) 


vss 


Ground (OV) 



* Refresh Address 



WEC 

RASC 

NCC 

A,: c 
Arc 



16 DDout 

15 1 a: 

14 DNC 
133a: 

12 Da;. 



u u u u 
a; a! a: 
Vcc 



Pin N*mM 


Function 


A, ~ A. 


AddrvM Inputs 


Aa§ 




tAi 




WP 


Writ* En*bl« 


Otn 


Data Input 


Oout 


Oat* Output 


Vcc 


Powar (♦SV) 


Vss 


Ground (OV) 


NC 


No Connaction 



' Rafrash AddraM 
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Ao 








FUNCTIONAL BLOCK DIAGRAM 
















-WE 
- DOUT 


RAS 
r.AS 


Timing 
Generator 












rv 


Timing 
Generator 






) 








i 




r ■ 
















t 






Column 
Address 
Buffers 










Write 
Clock 
Generator 












Column 
Decoders 






-A. Q 


























































Internal 
Address . 
■ Counter 


- 


Refresh 
Control Clock 




Sense Amps 


L- 


I/O 
Selection 


■* 


Output 
Buffer 




; 










Row 

Address 

Buffers 








} 
















-1 


-A 


Row 
De- 
cod - 
1 ers 


Word 
Driv- 
ers 




Memory 
Cells 






















Data 

Input 

Register 








/ 




— D|N 




/ 


Vcc 






























OncfiipVBB 







































^ 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


VjN-VoUT 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


Topr 


0to70 


°C 


Storage temperature 


Tstg 


-55 to +1 50 


°C 


Power dissipation 


Pd 


1.0 


W 


Short circuit output current 




50 


mA 



Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to Vss) 



-■■ 

Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
Temperature 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 


0°Cto+70°C 


Input High Voltage, all inputs 


V|H 


2.4 




6.5 


V 




Input Low Voltage, all inputs 


V|L 


-1.0 




0.8 


V 






DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Notes 


OPERATING CURRENT* 


MSM41257A-10 


ICC1 




60 


mA 




Average power supply current 


MSM41257A-12 




55 




(RAS, CAS cycling; tpc = min.) 


MSM41257A-15 




50 




STANDBY CURRENT 
Power supply current 
(RAS=CAS=V|h) 


'CC2 




5.0 


mA 




REFRESH CURRENT 1 


MSM41257A-10 


'CC3 




55 


mA 




Average power supply current 


MSM41257A-12 




50 




(RAS cycling, CAS = V|h; tRC = min.) 


MSM41257A-15 




45 




NIBBLE MODE CURRENT* 


MSM41257A-10 


ICC4 




30 


mA 




Average power supply current 


MSM41257A-12 




27 




(RAS = V|L, CAS cycling; tNC = n^""-) 


MSM41257A-15 




25 




REFRESH CURRENT 2 


MSM41257A-10 


'CC5 




55 


mA 




Average power supply current 


MSM41257A-12 




50 




(CAS before RAS; tRc = min.) 


MSM41257A-15 




45 




INPUT LEAKAGE CURRENT 

Input leakage current, any input 

(OV < V|N < 5.5V, all other pins not un 


der test = OV) 


ILI 


-10 


10 


^A 




OUTPUT LEAKAGE CURRENT 
(Data out is disabled, OV < VquT < 5 


5V) 


ILO 


-10 


10 


^LCA 




OUTPUT LEVELS 

Output high voltage (Iqh = ~^ "^A) 

Output low voltage (Iql = 4.2 mA) 


voh 
Vol 


2.4 


0.4 


V 
V 





Note*: Ice is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta=25°C,f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input capacitance (Ao ~ As , D|n) 


C|N1 


- 


6 


PF 


Input capacitance (RAS, CAS, WE) 


C|N2 


- 


7 


PF 


Output capacitance (Dqut) 


COUT 


- 


7 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTrCS 

(Recommended operating conditions unless otherwise noted.) 



Note 1 , 2, 3 



Parameter 


Symbol 


Unit 


MSM41257A- 
10 


MSM41257A- 
12 


MSM41257A- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Refresh period 


tREF 


ms 




4 




4 




4 




Random read or write 
cycle time 


tRC 


ns 


200 




220 




260 






Read-write cycle time 


tRWC 


ns 


205 




225 




260 






Access time from RAS 


tRAC 


ns 




100 




120 




150 


4,6 


Access time from CAS 


tCAC 


ns 




50 




60 




75 


5,6 


Output buffer turn-off 
delay 


tOFF 


ns 





30 





30 





30 




Transition time 


tT 


ns 


3 


50 


3 


50 


3 


50 




RAS precharge time 


tRP 


ns 


90 




90 




100 






RAS pulse width 


tRAS 


ns 


100 


lO^tS 


120 


10/LtS 


150 


10/xS 




RAS hold time 


tRSH 


ns 


50 




60 




75 






CAS pulse width 


tCAS 


ns 


50 


IO^lS 


60 


lO^tS 


75 


lOfiS 




CAS hold time 


tCSH 


ns 


100 




120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


50 


25 


60 


25 


75 


7 


CAS to RAS set-up time 


tCRS 


ns 


20 




25 




30 






Row address set-up 
time 


tASR 


ns 



















Row address hold time 


tRAH 


ns 


15 




15 




15 






Column address set-up 
time 


tASC 


ns 



















Column address hold 
time 


tCAH 


ns 


20 




20 




25 






Read command set-up 
time 


tRCS 


ns 



















Read command hold 
time referenced to CAS 


tRCH 


ns 



















Read command hold 
time referenced to RAS 


tRRH 


ns 


20 




20 




20 






Write command set-up 
time 


twcs 


ns 

















8 
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AC CHARACTERISTICS (Continued) 

(Recom mended operating conditions unless otherwise noted.) 
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Parameter 


Symbol 


Unit 


MSM41257A- 
10 


MSM41257A- 
12 


MSM41257A- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write command pulse 
width 


twp 


ns 


15 




20 




25 






Write command hold 
time 


tWCH 


ns 


15 




20 




25 






Write command to 
RAS lead time 


tRWL 


ns 


35 




40 




45 






Write command to 
CAS lead time 


tCWL 


ns 


35 




40 




45 






Data-inset-uptime 


tps 


ns 



















Data-in hold time 


tDH 


ns 


20 




20 




25 






CAS to WE delay time 


tCWD 


ns 


15 




20 




25 




8 


Refresh set-up time for 
CAS referenced to RAS 


tpcs 


ns 


20 




25 




30 






Refresh hold time for 
CAS referenced to RAS 


tpCH 


ns 


20 




25 




30 






CAS precharge time 
(C before R cycle) 


tCPR 


ns 


20 




25 




30 






RAS precharge to 
CAS active time 


tRPC 


ns 


20 




20 




20 






Nibble mode read/write 
cycle time 


tNC 


ns 


60 




70 




80 




9 


Nibble mode read-write 
cycle time 


tNRWC 


ns 


60 




70 




80 




9 


Nibble mode access 
time 


tNCAC 


ns 




25 




30 




35 


9 


Nibble mode CAS 
pulse width 


tNCAS 


ns 


25 




30 




35 




9 


Nibble mode CAS 
precharge time 


tNCP 


ns 


25 




30 




35 




9 


Nibble mode read 
RAS hold time 


tNRRSh 


ns 


25 




30 




35 




9 


Nibble mode write 
RAS hold time 


tNWRSH 


ns 


45 




50 




60 




9 


Nibble mode CAS hold 
time referenced to RAS 


tRNH 


ns 


25 




30 




35 




9 



m 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 




Parameter 


Symbol 


Unit 


MSM41257A- 
10 


MSM41257A- 
12 


MSM41257A- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Refresh counter test 
cycle time 


tRTC 


ns 


315 




355 




415 




10 


Refresh counter test 
RAS pulse width 


tTRAS 


ns 


215 


10)LtS 


255 


10/xS 


305 


lOjLtS 


10 


Refresh counter test 
CAS precharge time 


tQPT 


ns 


50 




60 




70 




10 



Notes: 1 An initial pause of 100 ^ts is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns 

3 V|H (Min.) and V|l (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between V|h and V|l- 

4 Assumes that tpQD ^ tpQD (Max.). If tpcD 's greater than the maximum recommended 
value shown in this table, tp^Q will increase by the amount that tpQD exceeds the value 
shown. 

5 Assumes that tpcD i tRCD (Max.). 

6 Measured with a load circuit equivalent to 2TTL loads and 1 00 pF. 

7 Operation within the tpcD (Max.) limit insures that tRAC (Max.) can be met. tpcD (Max.) 
is specified as a reference point only; if tpcD 's greater than the specified tRCD (Max.) 
limit, then access time is controlled exclusively by tQAC- 

8 twcs snd tcvVD are not restrictive operating parameters. They are included in the data 
sheet as electrical charcteristics only; if twcs - ^WCS (n^'n.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwD - ^CWD (min). the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied the condition of the data out (at access time) is indeterminate. 

9 Nibble mode cycle. 

1 CAS before RAS Refresh Counter Test Cycle only. 
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READ CYCLE 



RAS 



^. 






Addresses 



^ASR 



-tRC- 



-^RAS- 



-^RCD- 



^RAH ^ASC 



Row 
Address 



'O. 



-^CSH- 



-*CAS- 



^CAH 



\ 



.rj 



Colum 
Address 



nm 



WE 



DOUT 



V|H-Z 




-^CAC- 



-^RAC- 



VQH- 
VOL-" 



H OPEN 



tRCH 



tRRH 



— *\ V* ^OFF 

Valid \ 



Don't Care 



E^ 



WRITE CYCLE (EARLY WRITE) 



RAS 



CAS 



V|H- 
V|L- 



^CRS 



K 



Addresses 



WE 



V|H- ^ 



DOUT VoL- 



-^RCD- 



-^CSH- 



-*CAS- 



tDS- 



*RWL- 






-/ '^ 



-tRp- 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 



RAS 



CAS 



V|H- 
V|L- 



*CRS 



viL- y^ 



^ASR 



Addresses 



WE 



D|N 



-*RAS- 



-tRCD- 



^RAH ^ASC 



'O. 



-^CSH- 



-*CAS- 



tCAH 



DQUT Vr 



/' 'L 



^D' 




Don't Care 



NIBBLE MODE READ CYCLE 



RAS 



CAS 



^CRS 



N. 



1 



V|M- 

Addresses ^, 

V|L- 



WE 



V|H- Z 
V,L- 



VoH- 
DOUT VoL- 



^RCD 



tCSH- 



^ASC 



R 






^CAH 



Row -yf Col. 
Add. ^rSL Add. 



-^NC" 



^NCP 



^NCAS 



h— tRCH— ^ r—nr*-^ 



^CAC 



-tRAC- 



^OFF 



^NRRSH 





tRRH 



tNCAC 



w — w 



tQFF 



< Valid ^ L / '^ Valid ^ ^ Z *^ Valid ^ > ^ Valid V 

Data a f \ Data 3 ^ \ Data ^ \ Data ^ 
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NIBBLE MODE WRITE CYCLE 



RAS 



CAS 



V|H- 
V,L- 



^CRS.^^-— tcsH- 



V|H- 7Z7/ 

V|L- ^ 



-^RAS- 



^RAH 



Addresses 



WE 



-^^CAS- 



-^NC ^ 



^WCS— H 



ty/vp- 



^WCH 



J|N 



DOUT 



^WCH 



H Open f- 



^NWRSH 



^RNH 




*-^RWL-^ 




e4 



NIBBLE MODE READ-WRITE CYCLE 



RAS 



CAS 



V|H- 
V|L- 



^CRS 



^ASR 



-^CAH- 



■tRCD 



Addresses 



WE 



^CAS 



-^NRWC- 



DouT yo^" 



J|N 



,^""X 



^NWRSH 



*RP 




Don't Care 
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Ra5 only refresh cycle 



RAS ^IH- 

V|L- 



Addresses ^'^ ^ 
V|L- 



Dqut 



VoH- 
VOL- 



NOTE: CAS = V|H, WE, D|M = Don't care 



USR- 



^. 



-*RAS- 



-^RAH- 



Row 
Address 



H OPEN 



^RC- 



A 



-tRp- 



CAS-BEFORE-RAS REFRESH CYCLE 



RAS 



CAS 



NOTE: Address, WE, D|M = Don't care 



v,L - 

V|H- 
V|L- 

VoH- 
^OL- 



r-*cpR-*i 



^FCS 



\ 



N. 



-^RAS- 



/' K 



-^OFF 



> 



H OPEN h 



110 



I DYNAMIC RAMS MSM41257A i 



HIDDEN REFRESH CYCLE 



RAS ^IH-" 

V,L- 



n; 



tCRS 



CAS ;;;h:1 



ViH-^ 



VlU 

Addresses ,,'" 



V|H - yZ 

WE (Read) ^|" -^ 



Dqut 



Vqh- 
VoL- 



(Read-Write) Vil- 



las R 



^RAS- 



-^tRCD- 

— ^ 

tRAH V- 1 



^ASC--H 



Row 
Address 



-*RSH- 



/ — ^; 



-^CAS- 



r 



-t^CH-^^ 



tCAH 



K Column 
Address 



*RCS - 



^CAC 



-tRAC- 



tRCS- 



^CWD 




e4 



Don't Care 



CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



^FCS 



V|H- "^ 
V,L- V 



-^RTC- 



\: 



-^TRAS - 



-^CSH- 



Addresses 



WE (Read) 



DOUT 



WE (Write) 



V|H- V/, 



D|N 






— tRSH- 
-^CAS — 



-^CAH- 




Col. Address 



/ 



'A ^v 



-^RP- 



"V 



^CAC 



^RRH 



^ Va 



tRCH 
^OFF 



m 



^RCS tcwD^ K — ^CWL- 
h*""^ " I -* ^RWL 




> 




Don't Care 
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FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 

The MSM41257A has the circuit considera- 
tions for easy operational timing requirements 
for high speed access time operations. The 
MSM41 257A can operate under the condition of 
tpCD (nnax) = tcAC which provides an optimal 
time space for address multiplexing. In addition, 
the MSM41 257 A ha s the minimal hold time of 
Address (tcAH). WE (twCH) and D|n (toH)- And 
the MSM41257A can commit better memory 
system through-put during operations in an inter- 
leaved system. Furthermore, Oki has made 
timing requirements referenced to RAS non- 
restrictive and deleted from the data sheet, 
which includes tAR, twCR. ^DHR and tpwD- 
Therefor e, th e hold times of th e Co lu mn A ddress 
D|N and WE as well as tcwD (CAS to WE Delay) 
are not restricted by tpQD. 

Fast Read- While-Write Cycle: 

The MSM41257A has the fast read while 
write cycle which is achieved by excellent con- 
trol of the three-state output buffer in addition 
to the simplified timings described in the pre- 
vious section. The outpu t buf fer is controlled 
by the state of WE when CAS goes low. When 
WE Is low during CAS transition to low, the 
MSM41257A goes to early write mode where 
the output becomes floating and common I/O 
bus c an b e used on the system level. Whe reas, 
when WE goes low after tcwD following CAS 
transition to low, the MSM41257A goes to 
delayed write mode where the output contains 
the data from the cell selected and the data from 
D|fsj is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 

Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,1 44 storage 
cell location within the MSM41 257A. Nine row- 
address bits are established on the input pins 
(Ao through A s) an d latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input pin s an d 
latched with the Column Address Strobe (CAS). 
All input addresse s must be stable on or before 
the falling edge of R AS. C AS is internally inhibij- 
ed ( or "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row- 
addresses to colUmn-addresses. 

Write Enable: 

The read or write mode is sel ected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected. . 
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Data Input: 

Data is written into the MSM41 257A during a 
write or read -write cycle. The last falling edge of 
WE or CAS is a strobe f or th e Data in (D||sj) 
register. In a write cycle , if WE is brought "low" 
(write mode) before CAS, D|n is strobed by CAS, 
and the set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed 
until CAS has ma de i ts negative transition. Thus 
D|N is strobed by WE , and set-up and hold times 
are referenced to WE. 

Data Output: 

The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data i n. T he 
output is in a high impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, the o utput is valid after tp/^c ^^^^ transi- 
tion of RAS when tpcD (max ) is satisfied, or after 
tcAC ^''om transition of CAS when the transition 
occurs after tpQD (max). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Nibble Mode: 

Nibble mode allows high speed serial read, 
write or read-modify-write access of 2, 3 or 4 
bits of data. The bits of data that may be ac- 
cessed during nibble mode are determined by 
the 8 row addresses and the 8 column addres- 
ses. The 2 bits of addresses (CAs RAs) are used 
to select 1 of the 4 nibble bits for initial access. 
After the first bit is accessed by normal mode, 
the remaining nibble bits m ay b e accessed by 
CAS "hig h" th en "low" while RAS remains "low". 
Toggling CAS causes RAs and CAs to be incre- 
mented internally while all other address bits are 
held constant and makes the next nibble bit 
available for access. (See Table 1 ) 

If more than 4 bits are accessed during 
nibble mode, the address sequence will begin to 
repeat. If any bit is written during nibble mode, 
the new data will be read on any subsequent 
access. If the write operation may be executed 
again on subsequent access, the new data will 
be written into the selected cell location. 

In nibble mode, the three-state control of 
Dqut Pin 's determined by the first normal ac- 
cess cycle. 

The data output is c ontrolled by only WE 
state referenced at CAS negative transition of 
the normal cycle (first Nibble bit). That is, when 
tWCS > tWCS ("^'"^ 's met, the data output will 
remain open circuit throughout the succeeding 
Nibble cycle regardless of WE state. Whereas, 
when tQWD > ^CWD (min) is met, the data 
output will contain data from the cell selected 
duri ng the succeeding nibble cycle regardless of 
WE state. The write opera tion is done during the 
period where WE and CAS clocks are low. 
Therefore, write operation can be done bit by bit 
during e ach n ibble operation at any timing condi- 
tions of WE (twcS and tcwD) at the normal 
cycle (first Nibble bit). 
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Table 1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 



NIBBLE 




ROW 


COLUMN 




SEQUENCE BIT 


RAe 


ADDRESS CAs 


ADDRESS 




RAS/CAS (normal mode) 1 





10101010 


10101010 


. . .input addresses 


toggle CAS (nibble mode) 2 


1 


10101010 


10101010 




toggle CAS (nibble mode) 3 





10101010 1 


10101010 


generated inter- 


toggle CAS (nibble mode) 4 


1 


10101010 1 


10101010 


nally sequence 
repeats 


toggle CAS (nibble mode) 1 





10101010 


10101010 





RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-a ddres ses (Aoto A^) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the o utput 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Aoto A^) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 

CA S Be fore RA S Re fresh: 

CAS before RAS refreshing available on the 
M SM41 257A offers an alternate refresh method. 
If CAS is hel d on low for the specified period 
(tpcs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaini ng la test valid data at the output by ex- 
tending CAS active time from the previous 
memory rea d cyc le. In MSM4 1257A hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the cou nter are 
used to refresh add resses, because CAS is 
always low when RAS goes to low in this mode. 



CAS Before RAS Refresh Counter T est C ycle: 

A special timing sequence using CAS before 

RAS counter test cycle provides a conve nient 
metho d of verifying the functionality of CAS 
be fore RAS ref resh activated circuitry. As s hown 
in CAS before RAS Counter Test Cycle, if CA S 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 

* A ROW ADDRESS 

- Bits Ao through A^ are defined by the refresh 
counter. The other bit As is set "high" 
internally. 

* A COLUMN ADDRESS 

- All the bits Ao through As are defined by 
latching levels on Ao through As at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 



N 
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NIBBLE MODE 



1 ) The case of first nibble cycle is Early write 



RAS 



\ / 



WE 
D|N 



Y 



r-^ r 

r~ 



DouT y 



-High-2- 



Early Write H-* — No Ope.- 



- Write H** Write- 



(Add Ihcrement) 

2) The case of first nibble cycle is delyed write (Read-Write) 
RAS \ 



f 



^ J V 

WE 



r~\ r~^^~^v_^ 

A I \ 



D|N 



DOUT 13 c^ — <:!:> 



H Read-Write *T* Read-Write *4"« Read *+*- Read-Write 
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MSM41 257A Bit Map (Physical- Decimal) 



D Pin 16 



252 
128 


253 
128 


254 
128 


255 
128 




3 
128 


2 
128 


1 
128 



128 


DC 
LU 
Q 
O 
O 
LU 
Q 

Z 

Z) 

—1 

8 


256 
128 


257 
128 


258 
128 


259 
128 




511 
128 


510 
126 


509 
128 


508 
128 


252 
384 


253 
384 


254 
384 


255 
384 


3 
384 


2 
384 


1 
384 



384 


256 
384 


257 
384 


258 
384 


259 
384 


511 
384 


510 
384 


509 
384 


508 
384 


252 
129 


253 
129 


254 
129 


255 
129 


3 
129 


2 
129 


1 
129 



129 


256 
129 


257 
129 


258 
129 


259 
129 


511 
129 


510 
129 


509 
129 


508 
129 


252 
385 


253 
385 


254 
385 


255 
385 


3 
385 


2 
385 


1 
385 



385 


256 
385 


257 
385 


258 
385 


259 
385 


511 
385 


510 
385 


509 
385 


508 
385 


































252 
254 


253 
254 


254 
254 


255 
254 


3 
254 


2 
254 


1 
254 



254 


256 
254 


257 
254 


258 
254 


259 
254 


511 
254 


510 
254 


509 
254 


508 
254 


252 
510 


253 
510 


254 
510 


255 
510 


3 
510 


2 

510 


1 
510 



510 


256 

510 


257 
510 


258 
510 


259 
510 


511 
510 


510 
510 


509 
510 


508 
510 


252 
255 


253 
255 


254 
255 


255 
255 


3 
255 


2 

255 


1 
255 



255 


256 
255 


257 
255 


258 
255 


259 
255 


511 
255 


510 
255 


509 
255 


508 
255 


252 
511 


253 
511 


254 
511 


255 
511 


3 

511 


2 

511 


1 
511 



511 


256 

511 


257 
511 


258 
511 


259 

511 


511 
511 


510 
511 


509 
511 


508 
511 



N 



ROW DECODER 



ROW DECODER 



252 
383 


253 
383 


254 
383 


255 
383 




3 
383 


2 
383 


1 
383 



383 


DC 
LU 
Q 
O 
O 
LU 
Q 

Z 

—1 
O 

o 


256 
383 


257 
383 


258 
383 


259 
383 




511 
383 


510 
383 


509 
383 


508 
383 


252 
127 


253 
127 


254 
127 


255 
127 


3 
127 


2 

127 


1 
127 



127 


256 
127 


257 
127 


258 
127 


259 
127 


511 
127 


510 
127 


509 
127 


508 
127 


252 
382 


253 
382 


254 
382 


255 
382 


3 
382 


2 
382 


1 
382 



382 


256 
382 


257 
382 


258 
382 


259 
382 


511 
382 


510 
382 


509 
382 


508 
382 


252 
126 


253 
126 


254 
126 


255 
126 


3 
126 


2 

126 


1 
126 



126 


256 
126 


257 
126 


258 
126 


259 
126 


511 
126 


510 
126 


509 
126 


508 
126 






























. 




252 
257 


253 
257 


254 
257 


255 
257 


3 
257 


2 
257 


1 
257 



257 


256 
257 


257 
257 


258 
257 


259 
257 


511 
257 


510 
257 


509 
257 


508 
257 


252 

1 


253 

1 


254 

1 


255 

1 


3 
1 


2 

1 


1 
1 




1 


256 

1 


257 

1 


258 

1 


259 

1 


511 
1 


510 

1 


509 

1 


508 
1 


252 
256 


253 
256 


254 
256 


255 
256 


3 
256 


2 
256 


1 
256 



256 


256 
256 


257 
256 


258 
256 


259 
256 


511 
256 


510 
256 


509 
256 


508 
256 


252 



253 



254 



255 



3 



2 



1 







256 



257 



258 



259 



511 



510 



509 



508 




A8R0W="L" 
REFRESH ADDRESS 



(0-255) 

D 
Pin 8 

CELL 



A8R0W="H" 
REFRESH ADDRESS 

(0-255) 



A - ROW ADDRESS (DECIMAL) 
B =COLUMN ADDRESS (DECIMAL) 



ROW ADDRESS 
8N+6,8N+7,8N,8N+1 
8N+2, 8N+3, 8N+4, 8N+5 
8N+6,8N+7,8N,8N+1 
8N+2, 8N+3, 8N+4, 8N+5 
N=0, 1,2, 63 



COLUMN ADDRESS 
2N 
2N 
2N+1 
2N+1 
N=0, 1,2, 255 



POSITIVE 
NEGATIVE 
NEGATIVE 
POSITIVE 
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miconductor 



MSM41464 



65,536-WORD X 4-BITS DYNAMIC RANDOM ACCESS MEMORY 




GENERAL DESCRIPTION 

The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as 
65,536 words by 4 bits. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa- 
tion and compact layout is required. 

Multiolexed row and column address inputs permit the MSM41 464 to be housed in a standard 1 8 
pin DIP or PLCC. Pin-outs, conform to the JEDEC approved pin out. Additionally, the MS M4 1464 
offers new functional enhancements that make it more versatile than previous dynamic RAMs. "CAS- 
before-RAS" refresh provides an on-chip refresh capability. 

The MSM41464 is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 
output are TTL compatible. 



FEATURES 

• 65,536 X 4 RAM, 18 pin package 

• Silicon-gate, Double Poly NMOS, single 
transistor cell 

• Row access time: 

1 00 ns max (MSM41 464-1 0) 
1 20 ns max (MSM41 464-1 2) 
1 50 ns max (MSM41 464-1 5) 

• Cycle time: 

200 ns min {MSM41 464-10) 
220 ns min (MSM41464-12) 
260 ns min (MSM41464-15) 

• Low power: 

385 mW active (MSM41 464- 1 0) 
360 mW active (MSM41 464- 1 2) 
330 mW active (MSM41 464- 1 5) 
28 mW max standby 



Single +5V Supply, ±10% tolerance 

All inputs TTL compatible, low capacitive load 

Three-st ate T TL compatible output 

"Gated" CAS 

256 refresh cycles/4 ms 

Output impedance controllable through early 

write and OE operations 

Output unlatched at cycle end allows 

extended page boundary and 

two-dimensional chi p sel ect 

Read-Modify-Write, RAS-only refresh, 

capability 

On-chip latches for Addresses and Data-in 

On-chip substrate bias generator for high 

performance 

CAS-before-RAS refresh capability 
"Page Mode" capability 



PIN CONFIGURATION (TOP VIEW) 



oe[T 

DQ.[I 
DQ2[? 
WE [T 
RAS[5 

As [6 
As[7: 
A4 \J 

VccH 



ia] vss 

\7\ DQ. 
T^ CAS 

is] DQa 
T4]Ao 

ilA, 
11 A. 
ri]A3 
W\ A' 



OE 



Pin Names 


Function 


Ac- A. 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DQ,~ DQ- 


Data In/Data Out 


OE 


Output Enable 


WE 


Write Enable 


vcc 


Power Supply (+5V) 


Vss 


Ground (OV) 



DQi 



,DQ4 



nn nn 



WE i 
RAS^ 

As 



C 6 
C 7 



8 9 10 11 

^ uu uu 
A4 A7 

Vcc A3 



Pin Names 


Function 


Ao~A' 


Address Inputs 


:CAS 
DDQ3 
:3Ao - 
^ A - 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DQ,~DQ4 


Data In/Data Out 


OE 


Output Enable 


WE 


Write Enable 


Vcc 


PowefSuoply(+5V) 




Vss 


Ground (OV) 
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Ao~A' |~ 



vcc 
vss • 



FUNCTIONAL BLOCK DIAGRAM 



RAS 
CAS 



Timing 
Generator 



H) 



Column 
Address 
Buffers 



Timing 
Generator 



Internal 
Address 
Counter 



Column 
Decoders 



Refresh 
Control Clock 



Write 
Clock 
Generator 



Sense Amps 



Row 

Address 

Buffers 



Row 
De- 
cod - 



Word 
Driv- 
ers 



Memory 
Cells 



r 



OE 



OncfiipVgB 



I/O 
Selection 


_^ 


Output 
Buffer 


-| 














Data 

Input 

Register 











m 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


ViN.VoUT 


-1 to +7 


V 


Voltage on Vcc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


Topr 


Oto70 


°C 


Storage temperature 


Tstg 


-55 to +150 


°C 


Power dissipation 


Pd 


1.0 


W 


Short circuit output current 




50 


mA 



Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
Temperature 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 


0°Cto+70°C 


Input High Voltage, all inputs 


V|H 


2.4 




6.5 


V 




Input Low Voltage, all inputs 


V|L 


-1.0 




0.8 


V 






DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Notes 


OPERATING CURRENT* 


MSM41 464-10 


'CCI 




70 


mA 




Average power supply current 


MSM41464-12 


65 




(RAS, CAS cycling; tpc = min.) 


MSM41464-15 


60 




STANDBY CURRENT* 
Power supply current 
(RAS = CAS = V|h) 


'CC2 




5.0 


mA 




REFRESH CURRENT 1* 


MSM41 464-10 


'CC3 




60 


mA 




Average power supply current 


MSM41464-12 


55 




(RAS cycling, CAS = V|h; tRc "" f^'") 


MSM41464-15 


50 




PAGE MODE CURRENT* 


MSM41 464-10 


ICC4 




45 


mA 




Average power supply current 


MSM41464-12 


40/ 




(RAS = V|L. CAS cycling; tpc = min.) 


MSM41464-15 


35 




REFRESH CURRENT 2* 


MSM41 464-10 


>CC5 




65 


mA 




Average power supply current 


MSM41464-12 


60 




(CAS before RAS; tpc = min.) 


MSM41464-15 


55 




INPUT LEAKAGE CURRENT 
Input leakage current, any input 
(OV < V|N < 5.5V, all other pins not 
under test = 0V) 


ILI 


-10 


10 


fJLA 




OUTPUT LEAKAGE CURRENT 

(Data out is disabled, OV < VquT < 5.5V) 


ILO 


-10 


10 


fxA 




OUTPUT LEVELS 

Output high voltage (Iqh ^ ~5 mA) 

Output low voltage (Iql ^ 4.2 mA) 


Voh 
Vol 


2.4 


0.4 


V 
V 





Note*: Iqc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input capacitance (Ao ~ M 


C|N1 


- 


6 


PF 


Input capacitance (RAS, CAS, WE, OE) 


C|N2 


- 


7 


PF 


Data I/O capacitance (DQ i ~ DQ4) 


CD 


~ 


7 


pF 



Capacitance measured with Boonton Meter. 



N 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Note 1,2,3 



Parameter 


Symbol 


Unit 


MSM41464- 
10 


MSM41464- 
12 


MSM41464- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Refresh period 


tREF 


ms 




4 




4 




4 




Random read or write 
cycle time 


tRC 


ns 


200 




220 




260 






Read-write cycle time 


tRWC 


ns 


270 




300 




355 






Page mode cycle time 


tpc 


ns 


100 




120 




145 






Access time from RAS 


tRAC 


ns 




100 




120 




150 


4,6 


Access time from CAS 


tCAC 


ns 




50 




60 




75 


5,6 


Output buffer turn-off 
delay 


tOFF 


ns 





25 





30 





40 




Transition time 


tT 


ns 


3 


50 


3 


50 


3 


50 




RAS precharge time 


tRP 


ns 


90 




90 




100 






RAS pulse width 


tRAS 


ns 


100 


lO^s 


120 


lOyLtS 


150 


10/xS 




RAS hold time 


tRSH 


ns 


50 




60 




75 






CAS precharge time 
(Page mode cycle only) 


tCP 


ns 


40 




50 




60 






CAS pulse width 


tCAS 


ns 


50 


lOyLtS 


60 


lO/xS 


75 


10/xS 




CAS hold time 


tCSH 


ns 


100 




120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


50 


25 


60 


25 


75 


7,8 


CAS to RAS set-up time 


tCRS 


ns 


20 




25 




30 






Row address set-up 
time 


tASR 


ns 



















Row address hold time 


tRAH 


ns 


15 




15 




15 






Column address set-up 
time 


tASC 


ns 



















Column address hold 
time 


tCAH 


ns 


20 




20 




25 






Read command set-up 
time 


tRCS 


ns 



















Read command hold 
time 


tRCH 


ns 

















10 


Write command set-up 
time 


twcs 


ns 

















9 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otiierwise noted.) 



Parameter 


Symbol 


Unit 


MSM41464- 
10 


MSM41464- 
12 


MSM41464- 
15 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write command pulse 
width 


twp 


ns 


25 




30 




35 






Write command hold 
time 


tWCH 


ns 


25 




30 




35 






Write command to 
RAS lead time 


tRWL 


ns 


35 




40 




45 






Write command to 
CAS lead time 


tCWL 


ns 


35 




40 




45 






Data-in set-up time 


tDS 


ns 



















Data-in hold time 


tDH 


ns 


25 




30 




35 






CAS to WE delay 


tCWD 


ns 


80 




95 




120 




9 


RAS to WE delay 


tRWD 


ns 


130 




155 




195 




9 


Read command hold 
time reference to RAS 


tRRH 


ns 


20 




20 


t^ 


20 




10 


Access time from OE 


tOEA 


ns 




25 




30 




40 




OE data delay time 


tOED 


ns 


25 




30 




40 






OE hold time 


tOEH 


ns 



















Turn-off delay time 
from OE 


tOEZ 


ns 





25 





30 





40 




RAS to CAS set-up time 
(CAS before RAS) 


tpcs 


ns 


20 




25 




30 






RAS to CAS hold time 
(CAS before RAS) 


tpCH 


ns 


20 




25 




30 






CAS active delay from 
RAS precharge 


tRPC 


ns 


20 




20 




20 






CAS precharge time 
(CAS before RAS) 


tCPR 


ns 


20 




25 




30 






Read/write cycle 
(Refresh counter test) 


tRTC 


ns 


380 




430 




510 




11 


RAS pulse width 
(Refresh counter test) 


tTRAS 


ns 


280 


10/LtS 


330 


10/LtS 


400 


lOfjiS 


11 


CAS precharge time 
(Refresh counter test) 


tCPT 


ns 


50 




60 




70 




11 


Read/write cycle time 
(Page mode) 


tpRWC 


ns 


170 




200 




240 







m 
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Notes: 1 An initial paus e of 100 jjls is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns 

3 V|H (Min.) and V|l (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between V|h and V|l. 

4 Assumes that tpcD S tRCD (Max.) If tpcD > tRCD (Max.), tpAC will increase by { tpcD 
-tRCD^Max.)}. 

5 Assumes that tpcD ^ tRCD (Max.). 

6 Measured with a load circuit equivalent to 2TTL loads and 1 00 pF. 

7 Operation within the tpcD (Max.) limit insures that tpAC (Max.) can be met. tpcD (Max.) 
is specified as a reference point only; if tpcD 'S greater than the specified tpcD (Max.) 
limit, then access time is controlled exclusively by tcAC- 

8 Assumes that tpQp (Min.) = tRAj-j (Min.) + 2t7 + tASC (Min.) 

9 *WCS' tCWD ^^^ tRWD s""® "^ot restrictive operating parameters. They are included In 
the data sheet as electrical charcteristics only; if twcs > ^WCS (Min.), the cycle is an 
early write cycle and the data in/data out pin will remain open circuit (high Impedance) 
throughout the entire cycle; if tcvVD ^ ^cwD (Min.) and tRWD = ^RWD (Min.) the cycle 
is read-write cycle and the data in/data out will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied the condition of the data out (at 
access time) is indeterminate. 

1 Either tRRH or tRCH "^^ust be satisfied for a read cycle. 

1 1 CAS before RAS refresh counter test cycle only. 



READ CYCLE 



RAS ^IH- 



\ 



tRC 



tR AS 



/ 



tCSH_ 



tRAH tASC 




\ 



- tRSH- 

.tcAS_ 



— tCAH-* 



Column address 



tRP_ 
f^— t CRS-* 



.LJy 



:m 



V 



[*-CRRH— ► 
JtRCH 



^ i\:m 



J-CAC 



^RAC - 



DATA 



OE 



tOEA 



'/////////////////////A - 



tOi 



^ Valid Data ^ 



toEZ 



"H", "L" = Don't Care 
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WRITE CYCLE (EARLY WRITE) 



RAS 



CAS 



Addresses ^ " 
Vri. . 



WE 



DATA l'"" 



t RC 



\ 



tR AS 



- tcSH- 



.^AStl 



tR 



Row address 



H tASG 



'O. 



- t R s H- 
-tCAS 



'/ \ 



tRP- 
tCRS 



tCAH 



jf^ Column 
address 



l:: -m'////////A : 



-tcWL- 

LtwCH-^ 

twcs 1^1 vr 

"'^ : ^ 



^ I 



-tRWL- 



tos h|^- |.^— tDH -^ 



Valid Data 



' w////////////////////mwA 



"H", "L" = Don't Care 



Eri 



OE WRITE CYCLE 



^RC 



CAS ^IH 

ViL — 

tASl 



^v 3 



- tRCD- 



tRAH. tASC 



Row 
address 



tCAH 



Column 
address 



tRCS 



WE ^IH 



o¥ }^^" — Z 






. tcWL — -j 
-tRWL- 



tDsf-H "*-twp^ 

h tDH 



^Klly^ 



Valid Data 
tOEK 



"H", "L" = Don't Care 
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READ/WRITE AND READ MODIFY WRITE CYCLE 



RAS ^IH 




DATA ^IH/^OH — 



'MMM 



"H", "L" = Don't Care 



PAGE MODE READ CYCLE 



CAS vl?~~ 



Addresses V j ^l 



tRAS 



- tRCD 



-tcSH- 



- tpc- 




-tCAS- 



tCAH 



^ 



tcp— 



WMm^m 



. tRSH- 



-tCAS- 



— tcA 



tXsc 



tCAH 



tRAC- 



^3- 



tRP 



J 



tCAH 



-tCRS 



V 



W//M///M///////, 



tOFF 



\ ^CAC \ I [- tcAC— ^ I 

€>^^ G^- 



tRCS 



I IRRH 

\ tRCH 



A^U 



tOEA 



^ '.-- ^/////////////A mmm, mm. }////////m 



"H", "L" = Don't Care 
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PAGE MODE WRITE CYCLE 



RAS ^IH- 



t R AS 



^- tRSH i tRp — 




^ 



^ "H", "L" = Don't Care 



PAGE MODE OE WRITE CYCLE 



A. 



■ ntAsc 



Address l^^mCJ^ 



-tpc- 



S. 



-tcSH 



tCA 




h — tcp — - t 



_t RSH _ 

-tc AS- 



_/ 



T^s 



^'^ l::: ^/////////// / 



v//////////////////m ^^ ^ 



sr^"'^:/ 



-twp— 



tOH 



^RCS 



-► t Rp^ 

j— tcRS— 



\ 



"-RW lH 



-twCH 



tDS, 



^twP^ 



y///////m 



DATA V . H/^OH 2^///////////////////^^^^^ 



tOED tOEH 



^OED toEH 



W////////////////////A ^////////////////////d W////////// 



2 

1^ "H", "L" = Don't Care 
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PAGE MODE READ/WRITE CYCLE 



"^^ ;:"=^c 



tASRj 



tRAS 



ItASC, 



Address ^ " 
Vtt 



_tpRWC_ 



V 



-t C A S - 



-tcSH 



tCAH 



- — tcp 

tASC. 



S. 



v:,-mMim 



"fRCS 



WMIMMZMMm 



_t RSH _ 

-tCAS- 



-/ 



tCAH 



_tcWD_ 



|tCA 



tRAC 



DATA !;;;0:°» ^////////////////) ; ^i:?^ ) f^^ 



OE 



^. 



-twp— 



^RCS 



X 



tOH 



toEA 



IDS 



- tRP_ 
f- tcRS— 



"V 



\ m//////////////m ci 



• — %cs-H 



-twCH 



-twp-- 



tDH 



: //////////// 



tCAC tps,! 



Valid Data»A Valid Data 



toEZ 



\. 



toEA 



i m/m. 



toEZ 



"H", "L" = Don't Care 



RAS ONLY REFRESH CYCLE 



DATA ;0H 



v!"^^^ 



Note: CAS = VIH, WE and OE not dependent on the high or low level. 

tRC 



N. 



tRAS- 



/ 



Row address 



- tRp- 



W//7/y/y////77///7K 



OPEN 



"H", "L" = Don't Care 
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CAS BEFORE RAS REFRESH CYCLE 



Note: WE and OE not dependent on the high or low level. 



RAS v;: 



CAS ^ I « 
Vtl 



^CPR 



\ 



tpcs 



-tRC - 



H. 



-tRAS- 



/ 



tpCH 



-toFF 



y 



-tRp- 



\ 



tRPC 



m 



OPEN 



Don't Care 



HIDDEN REFRESH CYCLE 



VlH^ ^s. 



tRC 



_ tRCD 



. tRAH 



^^. 



tASC-J _ 



Row address 



tRSH 



/ ^. 



- tRp_ 



-tRAS- 



yc 



tRP 



k:RS 



-tFCH 



tCAH 



w l]-^/, 



^tRCl 



Column 
address 



> 



WM////M/////////Mmm c 



t-RRH 



\^ tRAC 



DATA ^OH- 



OE 



OPEN 



Valid Data 



toFF 

3> 



toEA 



tOEZ 



^. 



y 



"H", "L" = Don't Care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS ^1H^=^ ^r 

V„ t 

, tpcs 



CAS 



tRTC 



_tTRAS 



-tcSH- 



- tcp- 



tASC 



-tRSH 



-tCAS_ 



-tRP- 



yiH ^////////////////////////) j r^^^^ 



v 



tRCS 



?(Read) W////// / ///////////// /^ 



DATA Vol — 



tpEA 



^(Reai, iiJ///////////////////////////M/h , 




////////// 



■< ^ VaUdPata || I ^ >- 



tRCS 



WE(Write)- 7a7////////////////////, 



tCWD- 



dataV,h til////////////////////////////////////Z^ 

_toED — - 




W///////////M 



■- t//////////////M 



m///////////////// A 



OE(Wri.e) M////////////////////////////i 



to EH 



\/////////////////777J. 



- Don't Care 



FUNCTIONAL DESCRrPTION 

Address Inputs: 

16 bits of binary address input are required 
to decode any one of the 65,536 words by 4 bit 
storage cell locations. 

8 row-address bits are set up on address 
input pins Ao through A^ and latched onto the 
chip by the row address strobe (RAS). Tfien 8 
column-address bits are set up on pins Ao 
through A^ and latched onto the chip by the 
column address strobe (CAS). 

All addresse s mus t be s table on or before the 
falling edges of RA S. CAS is internally i nhibit ed 
(gated) by the RAS to permit triggering of CAS as 
soon as the Row Address Hold Time (tpAhj) spe- 
cification has been satisfied and the address 
inputs have been changed from row-addresses 
to column-addresses. 

Therefore specifications permit column ad- 
dresses to be input immediately after the row ad- 
dress hold time (tRAH)- 



Write Enable: 

The read mode or write mode is sel ecte d with 
the WE input. The logic high of the WE input 
selects the read mode and a logic low selects 
the write mode. The data input is disabled when 
the read mode is selected. Data-out will remain 
in the hi gh-im pedance state allowing a write 
cycle with WE grounded. 

Data Input: 

Data is written during a write or read-modify 
write cycle. Depen ding o n the mode of operation, 
the falling edge of CAS or WE strobes data into 
the^on-chip data latches. In an e arly-write cycle, 
WE Is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times 
referenced to this signa l. In a delayed write or 
read-modify-write cycle, CAS will already be low, 
thus the data will be strobed in by WE with setup 
and hold times referenced to this signal. In 
delayed or read-modify-write, OE must be high 
to bring the output buffers to high impedance 
prior to impressing data on the I/O lines. 
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Data Output: 

The three-state output buffer provides direct 
TTL compatibility with a fan-out of two standard 
TTL loads. Data-out is the same polarity as data- 
in. The ou tput i s in the high-impedance (floating) 
state until CAS is brought low. In a read cycle the 
output goes active after the access time interval 
tcAC that begins with the negative transition of 
CAS as long as tpAC ^^^ ^qeA ^''^ satisfied. 
The output becomes valid after the access time 
has ela psed and remains valid while CAS or OE 
are low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the 
output is always in the high impedance state. In 
a delayed-write or read-modify-write cycle, the 
output must be put in the high impedance state 
prior to applying data tojthe DQ input. This is ac- 
complished by bringing OE high prior to applying 
data, thus satisfy tQED- 

Output Enable: 

The OE controls the impedance of the output 
buffers. When OE is high, the buffers will remain 
in the high impedance state. Bringing OE low 
during a normal cycle will activate the output buf- 
fers putting them in the lo w im peda nce state. It is 
necessary for both RAS and CAS to be brought 
low for the output buffers to go into the low impe- 
dance state. Once in the low impedance state, 
they will re main in the low impedance state until 
OE or CAS is brought high. 

Page Mode: 

Page-mode operation permi ts st robing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn't change. 
Thus th e pow er dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 

RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-add ress es (Aoto A^) at least 
every four milliseconds. RAS only refresh avoids 
any output during refresh because the o utput 
buffer is in the high impedance state unless CAS 
is brought low. Strob ing e ach of 256 (Ao to A^) 
row-addresses with RAS will cau se a ll bits in 
each row to be refreshed. Further RAS-only re- 
fresh results in a substantial reduction in power 
dissipation. 

CA S Be fore RA S Re fresh: 

CAS before RAS r efres hing offers an alter- 
nate refresh method. If CAS is held on low for the 



specified period (tpcs^ before RAS goes to low, 
on chip refresh control clock generators and the 
refresh address counter are enabled, and an in- 
ternal refresh operation takes place. After the re- 
fresh operation is performed, the refresh address 
counter is automatic ally in crement ed in prepara- 
tion for the next CAS before RAS refresh 
operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while 
maintain ing l atest valid data at the output by ex- 
tending CA S act ive time. Hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from the counter are used to refresh 
addr esses, because CAS is always low when 
RAS goes to low in this mode. 

CAS Before RAS Refresh Counter T est C ycle: 

A special timing sequence using CAS before 

RAS counter test cycle provides a conve nient 
metho d of verifying the functionality of CAS 
be fore RAS ref resh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CA S 
goes to high and goes to low again while RAS is 
held low, the read and writ e op eration are 
enabled. This is shown in the CAS before RAS 
counter test cycle. A memory cell address, con- 
sisting of a row address (8 bits) and a column ad- 
dress (8 bits), to be acceded can be defined as 
follows: 

* A ROW ADDRESS 

- Bits Ao through A^ are defined by the refresh 
counter. 

* A COLUMN ADDRESS 

- All the bits Ao through A^ are defined by 
latching levels on A o thr ough A^ at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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MSM41464 Bit Map (Physical- Decimal) 

DQ1 DQ2 DQ4 DQ3 



D Pin 18 



252 
128 


253 
128 


254 
128 


255 
128 




3 
128 


2 
128 


1 
128 



128 " 


Q 
Z 

o 
o 

h - 
y - 

y - 
y ■ 
Y ■ 

cr 

D 

O 
o 

Q 

z 

y- 
y 



"128 


1 
128 


2 
128 


3 
128 




255 
128 


254 
128 


253 
128 


252 
128 


252 
128 


253 
128 


254 
128 


255 
128 


3 
128 


2 

128 


1 
128 



128 "" 


yi28 


1 
128 


2 
128 


3 
128 


255 
128 


254 
128 


253 
128 


252 
128 


252 
129 


253 
129 


254 
129 


255 
129 


3 
129 


2 
129 


1 
129 



129 



'129 


1 
129 


2 
129 


3 
129 


255 
129 


254 
129 


253 
129 


252 
129 


252 
129 


253 
129 


254 
129 


255 
129 


3 
129 


2 
129 


1 
129 



129 ~ 


1 

y 129 


1 
129 


2 
129 


3 
129 


255 
129 


254 
129 


253 
129 


252 
129 


252 
130 


253 
130 


254 
130 


255 
130 


3 
130 


2 
130 


1 
130 



130 " 


a 

" 130 


1 
130 


2 
130 


3 
130 


255 
130 


254 
130 


253 
130 


252 
130 


252 
130 


253 
130 


254 
130 


255 
130 


3 
130 


2 
130 


1 
130 



130 


Tl30 


1 
130 


2 

130 


3 
130 


255 
130 


254 
130 


253 
130 


252 
130 


































252 
253 


253 
253 


254 
253 


255 
253 


3 
253 


2 
253 


1 
253 



253 



253 


1 
253 


2 
253 


3 
253 


255 
253 


254 
253 


253 
253 


252 
253 


252 
253 


253 
253 


254 
253 


255 
253 


3 
253 


2 
253 


1 
253 



253 f 


Y253 


1 
253 


2 
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3 
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255 
253 


254 
253 


253 
253 


252 
253 


252 
254 


253 
254 


254 
254 


255 
254 


3 
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2 
254 


1 
254 



254 
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1 
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2 
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3 
254 


255 
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254 
254 


253 
254 


252 
254 


252 
254 


253 
254 


254 
254 


255 
254 


3 
254 


2 
254 


1 
254 


j 
254 


T254 


1 
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2 

254 


3 
254 


255 
254 


254 
254 


253 
254 


252 
254 


252 
255 


253 
255 
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255 


255 
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3 
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1 
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255 



255 
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255 
255 
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255 
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255 


252 
255 


252 
255 
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255 
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255 


255 
255 
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255 


2 

255 


1 
255 



255 


T255 


1 
255 
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255 


3 
255 


255 
255 
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255 


253 
255 


252 
255 






ROW DECODER 


ROW DECODER 






252 
127 


263 
127 


254 
127 


255 
127 
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127 


2 

127 


1 
127 



127 


L? 
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127 
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127 
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127 




255 
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127 
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127 
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255 
127 


3 
127 


2 
127 


1 
127 
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OKI semiconductor 



MSM51C256 



262, 1 44 WORD X1 -BITS DYNAMIC RAM 



GENERAL DESCRIPTION 

The MSI\/I51C256 Is a new generation dynamic RAM organized as 262,144 words by 1 bit. The 
technology used to fabricate the MSM51C256 is OKI's CMOS silicon gate process technology. The 
device operates at a single + SV power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, double polysilicon CMOS, 
1 -transistor memory cell 

• 262, 144 words by 1 bit 



• Standard 16 lead plastic DIP/18 lead PLCC 

• Family organization 



m 





Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Family 


Operating 
(MAX) 


Standby 
(MAX) 


MSMS1C256-80 


80 ns 


160 ns 


330 mW 




MSM51C256-10 


100 ns 


190 ns 


275 mW 


20 mW 



• Single +5\/ supply, ± 10% tolerance • 

• Input: TTL compatible, address input, • 

data input latch 

• Output: TTL compatible, tristate, nonlatch • 

• Refresh: 256 cycles/4 ms • 

• Common I/O capability using "Early Write" 
operation 



Fast page mode, read/write capability 

CAS before RAS refersh. Hidden refresh, 
RAS only refresh capability 

"Gated" CaT 

Built-in Vbb generator circuit 



MSM51C256RS 

16 Lead Plastic DIP PIN CONFIGURATION 

Top View 



MSM51C256JS 

18 Lead PLCC Package PIN CONFIGURATION 

Top View 
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DYNAMIC RAMMSM51C256RS/JS 




























FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 

• Absolute Maximum Ratings 



Rating 


Symbol 


Condition 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta = 25°C 


-l.Oto +7.0 


V 


Short circuit output current 


los 


Ta = 25°C 


50 


mA 


Power dissipation 


Pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


to + 70 


°C 


Storage temperature 


Tstg 


- 


-55 to +125 


°C 



Recommended Operating Conditions 
(Ta = to + 70°C) 



Parameter 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Supply Voltage 


Vcc 


- 


4.5 


5.0 


5.5 


V 




Vss 


- 











V 


Input high voltage 


V|H 


- 


2.4 


- 


Vcc +1.0 


V 


Input low voltage 


V|L 


- 


-1.0 


- 


0.8 


V 
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DC Characteristics 

(Vcc = 5V ± 1 0% , Ta = to + 70°C) 



Parameter 


Symbol 


Conditions 


MSM51C256 
-80 


MSM51C256 
-10 


Unit 


Note 






Min 


Max 


Min 


Max 




Output high 
voltage 


VOH 


loH = - 5.0mA 


2.4 


- 


2.4 


- 


V 




Output low 
voltage 


Vol 


l0L = 4.2mA 


- 


0.4 


- 


0.4 


V 




Input 

leakage 

current 


Ili 


Vss^VI^Vcc 
all other pins not 
under test = 0V 


-10 


10 


-10 


10 


pA 




Output 
leakage 
current 


Ilo 


Dqut disable 
Vss^VO^Vcc 


-10 


10 


-10 


10 


liA 




Average 
power supply 
current* 
(Operating) 


Icci 


RAS, CAS cycling, 
tRc = nnin 


- 


60 


- 


50 


mA 




Power supply 
current" 


ICC2 


RAS = V,H 
CAS = V,H 
DouT=H2 


TTL 


- 


3.5 


- 


3.5 


mA 




(Standby) 


MOS 


- 


2.5 


- 


2.5 


mA 




Average 
power supply 
current* (RAS 
only refresh) 


ICC3 


RAS = cycling, 
CAS = V,H 
tRc = min 


- 


60 


- 


50 


mA 




Average 
power supply 
current* (CAS 
before RAS 
refresh) 


ICC6 


RAS = cycling, 
CAS before 
RAS 


- 


60 


- 


50 


mA 




Average 
power supply 
current* (Fast 
page mode) 


ICC7 


RAS = V,L, 
CAS = cycling 
tpc = min 


- 


40 


- 


35 


mA 





a 



*Note: Ice is dependent on output loading and cycle. Specified values are obtained with the 
output open. 



Capacitance 

(Ta = 25Xf=1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A8, D|n) 


Qni 


- 


- 


4 


PF 


Input capacitance (RAS, CAS, WE) 


C|N2 


- 


- 


5 


PF 


Output capacitance (Dqut) 


COUT 


- 


- 


6 


pF 
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AC Characteristics 

(Vcc = 5V ± 1 0% , Ta = to + 70"C) 



Note 1,2, 3 




Parameter. 


Symbol 


MSM51C256 
-80 


MSM51C256 
-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Refresh period 


tREF 


- 


4 


- 


4 


ms 




Random read or write cycle time 


tRC 


160 




190 


- 


ns 




Read/write cycle time 


tRWC 


185 


" 


220 


- 


ns 




Fast page mode cycle time 


tpc 


55 


- 


55 


_ 


ns 




Fast page mode read/write 
cycle time 


tpRWC 


80 




90 


- 


ns 




Access time from RAS 


^RAC 


- 


80 


- 


100 


ns 


4.5 


Access time from CAS 


tCAC 


- 


20 




25 


ns 


4.5 


Access time from column 
address 


tAA 


_ 


40 




50 


ns 


4.6 


Access time from CAS precharge 


tcPA 


- 


50 


- 


50 


ns 


4 


Output low impedance time 
from CAS 


tCLZ 





- 





- 


ns 


4 


Output buffer turn-off delay 


tOFF 





20 





30 


ns 




Transition time 


tj 


3 


50 


3 


50 


ns 


3 


RAS precharge time 


tRP 


70 


- 


80 


- 


ns 




RAS pulse width 


^RAS 


80 


10K 


100 


10K 


ns 




RAS hold time 


tRSH 


20 


- 


25 


- 


ns 




CAS precharge time 

(Fast page mode cycle only) 


tCP 


10 


- 


10 


- 


ns 




CAS pulse width 


tCAS 


20 


10K 


25 


10K 


ns 




CAS hold time 


tcSH 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


60 


25 


75 


ns 


5 


RAS to column address delay 
time 


tRAD 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


ns 




Row address set-up time 


USR 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





__ 





- 


ns 




Column address hold time 


"tCAH 


15 


- 


20 


- 


ns 
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• AC Characteristics (Cont.) 



Parameter 


Symbol 


MSM51C256 
-80 


MSM51C256 
-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Column address hold time from 
RAS 


tAR 


60 


- 


75 


- 


ns 




Column address to RAS lead 
time 


tRAL 


40 


~ 


50 


- 


ns 




Read command set-uptime 


tRCS 





- 





- 


ns 




Read command hold time 


tRCH 





- 





- 


ns 


8 


Write command hold time from 
RAS 


twCR 


60 


- 


75 


- 


ns 




Write command set-up time 


twcs 





- 





- 


ns 


7 


Write command hold time 


twCH 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


- 


ns 




Write command to RAS lead 
time 


tRWL 


20 


- 


25 


- 


ns 




Write command to CAS lead 
time 


tcWL 


20 


- 


25 


- 


ns 




Data-inset-uptime 


tDS 





- 





- 


ns 




Data-in hold time 


toH 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


^DHR 


60 


- 


75 


- 


ns 




CAS to WE delay 


kWD 


20 


- 


25 


- 


ns 


7 


RAS to WE delay 


tRWD 


80 


- 


100 


- 


ns 


7 


Column address to WE delay 
time 


^AWD 


40 


- 


50 


- 


ns 


7 


Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


ns 


8 


RAS to CAS set-up time (CAS 
before RAS) 


kSR 


10 


- 


10 


- 


ns 




RAS to CAS hold time (CAS 
before RAS) 


tCHR 


30 


- 


30 


- 


ns 




CAS active delay from RAS 
precharge 


tRPC 


10 


- 


10 


- 


ns 




CAS precharge time (Refresh 
counter test) 


tCPT 


40 


- 


50 


- 


ns 




CAS precharge time 


tCPN 


10 


- 


15 


- 


ns 





m 
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Notes: 1. An initial pause of 100 ps is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2. The AC characteristics assume at tj = 5 ns. 

3. V|H (min.) and V|l (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vih and Vil 

4. Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5. Operation within the tRco (max.) limit insures that tRAc (max.) can be met. tpcD 
(max.) is specified as a reference poi nt only; if tRco 'S greater than the specified tRCD 
(max.) limit, then access time is controlled exclusively by tcAC- 

6. Operation within the tRAD ('T^ax.) limit insures that tRAc (max.) can be met. tRAo 
(max.) is specified as a reference point only; if tRAD "S greater than the specified 
"tRAD (max.) limit, then access time is controlled exclusively by tAA. 

7. twcS' "tcwD/ tRWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if twcs = "twcs (min.), the 
cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tcwD (min.), tRWD ^ "^rwd (min.) and 
tAWD = tRWD (min.) the cycle is read/write cycle and the data out will contain data 
read from the selected cell; if neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeterminate. 

8. Either tRRH or tRCH must be satisfied for a read cycle. 

READ CYCLE 



\ 



V|H- 



'rc 



tRAS 



r 



tRCD 



'\\z==z.L 



*RAH 




*ASC 



tRSH 



'CAH 



V|H- 77 



tpcs 

f 



tAA 



tCRP 



7 



:m 



tCAC 



Dqut 






■^ 



tOFF 



>- 
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WRITE CYCLE (EARLY WRITE) 



^. 



V|H- " 
V,L- 



V|H- 
V,L- 




'aSR tpAH 



/ 



V,H-7 



D|N 



v,H-77 



VOH- 
VOL- 



m. 



K^ : y - 



tDS 



^ W//////////////7T/. 



*WCH 



/^ ^ valid data ^ )(/^ 



tpHR 



E 



^7777;^, 
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READ/WRITE CYCLE 



'N. 



<ASR tpAH 



'VZs: 



:::^ 



D|N 



v,H-77 



Dqut 



VOH- 
VOL- 



ASC *CAH 



% 



^C\NL 



'CRP 



/' 



m 



<CWD 



izE 



v^ 



Valid data |X/ ////// 




^ 
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FAST PAGE MODE READ/WRITE CYCLE 



V,L- 



A0--A8 :"H" 



•CSH . 



J 'RP \^ 



;^. 



*CAS 



-<PRWC- 




*RAH tASC 'CAH 



*RCS 



Dqut 



VOH- 



'rad 



Ti 



•^2^\ 



*CWD 



'CWL 



-U 



^CAS 



n. 



*CAH 



mm^ 



'CWD 



Valid 
Data 



<OFF 



!aa * 

]CAC 



♦CWL 



'■M 



twp JOFF 



*CAS 



»CAH 



'ral 



ff 



vaiia L/, 
Data J ?'' 



^ w///////////// . 



-4-'aa_^ 

<CAC 



Y 



tcLZ ^CLZ I _tcLZ_ _ ^ ''^WL ^ 

^//////////^4p^^ 



Valid 
Data 



Valid 
Data 



Valid Data 
\/A Don't care 



RAS ONLY REFRESH CYCLE 



t 



CAS ^IH- 



— vri^i^EZ*^ 



VOH- 
VOL- 



f 



V7" 



0' 



NOTE: WE = Don't care, A8 = Don't care 
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CAS BEFORE RAS REFRESH CYCLE 



V|L ■ 



VOH- 
VOL- 



tRPC 



*CPN 



*CSR 



\ 



\ 



f- 



/ 



*OFF 



> 



NOTE: WE = Don't care, A0~A8 = Don't care 
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FAST PAGE MODE READ CYCLE 



tCRP 



tRCD 'CAS 



^^: 



*RAH *ASC 



rMr^^^fi?k 



*CAH 



VlL- 



VOL- 



m/m 



'rcs 



<RAC 



*CLZ 



:m. 



<CAC 



©: 



'\\ 



CAS tcP 



/ ^J^' 



3©£ 



RCS 



W^ 



Valid " 
Data _, 



tOFF 



tRCH 



*CAC 



*RSH 



'rcs 



■tf^ 



Ua 



feSD- 



^OFF 
^CLZ 



V 



:^^ 



'CAC 



% 



*RCH 



^ 



Valid 
Data 



> 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



V|L- 



*CRP 



CAR ^IH- 



'ras 



'^.jr^^r-^^^ 



'rah tASC 



r-mP^d 



»-^ r'/ 



Dqut 



V|H- 



VOH 



*CAS 



'CP 



'wcs 



^ 



*CAH *ASC 

3^ 



'CAS 'CP 



Ml 



/ ^ Va'idDa,a | ^ 



I *DHR 



|CAH 'ASC^ 

3©6 



*RSH 



V 



<WCH 'WCS 



'WP 



m: 



'dh 'ds 




:^ 



♦WCH 

fwp 



^m^ 



Valid Data Jv//X Valid Data 



:?^^ 



^^ 
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HIDDEN REFRESH READ CYCLE 



V|L- 



s. 



V|H- 



V|L- 



'asr 



y^~~^. 



<RCD 



*RAD 



*RAH *ASC 



^'H-W, 



DOUT 



VOH- 



*RSH 



^CAH 



miZEzm 



m 



<RAC 



r 



*CHR 



El 



y 



LUl 



*OFF 



>- 
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HIDDEN REFRESH WRITE CYCLE 



V|L- 



'V 



V|H- f 

V|L- / 



<ASR 



-:::2 



Dqut 



VOH- 




'ras 



.f^. 



<RAH 'ASC 

n 



*CAH 



mX^yiL 



<WCR 



wm 



'^\NQ.^ 



/ 



f 



^"^/////////////J//////////// 



^ ^ Valid Data ^ )^ 



El' 
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FUNCTIONAL DESCRIPTION 

Simple timing Requirements: 

The MSM51C256 is a CMOS dynamic RAM optimized for high speed access time operations, low 
power applications. It is functionally similar to a traditional dynamic RAM. TheMSM51C256 
reads and writes data by multiplexing 18-bit address into 9-bit row and 9-bit column address. 
Because access time is primarily dependent on a valid column address rather than the precise 
time that CAS edge occurs, the delay time from RAS to CAS (tRco) has little effect on the access 
time. And the MSM51 C256 can commit better memory system through-put during operations in 
an interleared system. 

Fast-Read-While-Write Cycle: 

The MSM51C256 has the fast read while write cycle which is achieved by excellent control of the 
three-state output buffer in adition to the simplified timings described In the previous section. 
The output buffer is controlled by the state of WE when CAS goes low. When WE is low during 
CAS transition to low, the MSM51 C256 goes to early write mode where the output becomes 
floating and common I/O bus can be used on the system level. Whereas, when WE goes low 
after tcwD following CAS transition to low, the MSM51 C256 goes to delayed write mode where 
the output contains the data from the cell selected and the data from Din is written into the cell 
selected. Therefore, very fast read write cycle becomes available. 

Address Inputs: 

A total of eighteen binary input address bits are required to decode any 1 of 262,144 storage cell 
location within the MSM51C256. Nine row-address bits are established on the input pins (Aq 
through Ag) and latched with the Row Address Strobe (RAS). Then nine column adress bits are 
established on the input pins and latched with the Column Address Strobe (CAS). All input 
addresses must be stable on or before the falling edge of RAS, CAS is internally inhibited (or 
"gated") by RAS to permit triggering of CAS as soon as the Row Addres Hold Time (tpAh) 
specification has been satisfied and the address inputs have been changed form row-addresses 
to column-addreses. 

Write Enable: 

The read or write mode is selected with the WE input. A logic "high" on WE dictates read mode, 
logic "low" dictates write mode. Data input is disabled when read mode is selected. 

Data Input: 

Data is written intotheMSM51C256duringa write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in(D|N) register. In a write cycle, if WE is brought "low" 
(write mode) before CAS, D|n is strobed by CAS, and the set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed until CAS has made its negative transition. Thus 
D|[s) is storbed by WE, and set-up and hold times are referenced to WE. 



[^ 
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Data Output: 

The output buffer is three-state TTL compatible with a fan-out of two standard TTL loads. Data 
out is the same polarity as data in. The output is in a high impedance state until CAS is brought 
"low". In a read cycle, or a read-write cycle, the output is valid after tRAc from transition of RAS 
when tpcD (max) is satisfied, or after tcAC ^•'om transition of CAS when the transition occurs 
after tRCD (max.). Data remain valid until CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 

Page Mode: 

Page-mode operation permits strobing the row-address while maintaining RAS at a logic low 
(0) throughout all successive memory operations in which the row-address doesn't change. 
Thus the power dissipated by the negative going edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally required to strobe a new row-address is 
eliminated. 

RAS Only Refresh: 

Refresh ofthe dynamic memory cells is accoriiplished by performing a memory cycle at each of 
the 256 row-addresses (Aq to A7) at least every 4 milliseconds. RAS only refresh avoids any 
output during refresh because the output buffer is in the high impedance state unless CAS is 
brought low. Strobing each of the 256 row-addresses (Aoto A7) with RAS will cause all bits in 
each row to be refreshed. Further RAS only refresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 

CAS before RAS refreshing available on the MSM51C256 offers an alternate refresh method. If 
CAS is held on low for the specified period {Xqsr) before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are enabled, and an internal refresh 
operation takes place. After the refresh operation is performed, the refresh address counter is 
automatically incremented in preparation for the next CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while maintaining latest valid data at the output by 
extending CAS active time from the previous memory read cycle. In MSM51C256 hidden refresh 
means CAS before RAS refresh and the internal ref resha ddresses from the counter are used to 
refresh addresses, because CAS is always low when RAS goes to low in this mode. 
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miconcluctor 



MSM511000A 



1,048,576-WORD x 1 -BITS DYNAMIC RAM 



GENERAL DESCRIPTION 

The MSM511000A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The tech- 
nology used to fabricate the MSM511000A is OKI's CMOS silicon gate process technology. The device 
operates at a single -I-5V power supply. Its I/O pins are TTL corripatible. 



FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 



1,048.576 words by 1 bit 



M 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating (MAX) 


Standby (MAX) 


MSM511000A-70 


70ns 


140ns 


468mW 




MSM511000A-8A/80 


80ns 


160ns 


413mW 


5.5mW 


MSM511000A-1A/10 


100ns 


190ns 


358mW 





Single ^SV supply. ^ 1 0°o tolerance 
Input: TTL compatible, address input, data 

input latch 
Output: TTL compatible, tristate, nonlatch 
Refresh: 51 2 cycles/8 ms 
Common I/O capability using "Early Write" 
operation 



• Fast page m ode, read/write capability 

• CAS before RAS refresh. Hidden refresh. 
RAS only refr esh capability 

• "Gated" CAS 

• Built-in Vbb generator circuit 



PIN CONFIGURATION (TOP VIEW) 



D|N E 
WE [T 
RASJT 
N.C. [T 
AO'[T 
AT (T 
A2-(T 
A3*(T 

vccH 



> 



DinCi 
i8)vss we d 
TtJdout "aS|T 

16) CAS NC|T 



T|] A9 

Taj A7' 

12] A6- 

n] A5* 

]0\ A4* 



NC(T 

AO'|T 
AT^ 
A2'[TT 
A3'^ 

vccEl 



:^ A9 (T 

1^^ OoutH 

13 CAS ^ 



2|nC 
H A9 

18] A8* 
T3 A7* 
16] A6' 
lU A5« 
J3 A4* 



Oin[T 

RAS(T 

N.c(T 
Ao^QT 

A2-[l3 

vcc(ll 

A5*(T7 
A7'(T9 



2 

CO 



T]CAS 

iJvss 
?]w? 

J\ NC. 
NO LEAD 
ll AT 
Tf] A3* 
16] A4* 
T| A6* 
H AS* 



26 PIN SOJ 



* Refresh Address 



Pin Names 


Function 


AO to AS 


Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


0|N 


Data Input 


OOUT 


Data Output 


WE 


Write Enable 


vcc 


Power Supply (+5V) 


vss 


Ground (OV) 


N.C. 


No Connection 
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r 



vcc 
vss 



FUNCTIONAL BLOCK DIAGRAM 



RAS 



CAS 



Timing 
Generator 



Column 
Address 
Buffers 



t>- 



Timing 
Generator 







Column 
Decoders 



Internal 
Address 
Counter 

I 



Refresh 
Control Clock 



Write 
Clock 
Generator 



Sense Amps 



Row 

Address 

Buffers 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



I/O 
Selector 



Memory 
Cells 



Output 
^Buffer 



Input 
Buffer 



OnchipVgg 



DoUT 



D|N 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta = 25°C 


-1.0 to+7.0 


V 


Short circuit output current 


los 


Ta = 25°C 


50 


mA 


Power dissipation 


pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


to+70 


X 


Storage temperature 


Tstg 


- 


-55 to+150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Ta - to +70°) 



Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


vcc 


- 


4.5 


5.0 


5.5 


V 


Vss 


- 











V 


Input high voltage 


V|H 


- 


2.4 




6.5 


V 


Input low voltage 


V|L 


- 


-1.0 




0.8 


V 
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DC CHARACTERISTICS 

(Vcc = 5V ± 1 0%. Ta = to +70°C) 



Parameter 


Symbol 


Conditions 


MSM511000 
A-8A 


MSM511000 
A-1A 


MSM511000 
A-70 


MSM511(X)0 
A-80 


1 

MSM511000 
A-10 


Unit 


Noto 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


IOH = -5.0mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


l0L= 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 




Input leakage 
current 


ILI 


ov^vi^asv; 

all oter pins not 
under test =0V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/^A 




Output leakage 
current 


ILO 


Doujdisable 
OV^V0^5.5V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/^A 




Average power 
supply current* 
(Operating) 


"cci 


RAS, CAS cycling, 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Power supply 


"CC2 


RAS=V,H 
CAS=V,H 
D0UT = Hz 


TTL 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




current* (Standby) 


MOS 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 




Average power 
supply current* 
(RASonly represh) 


iCC3 


RAS cycling, 
CAS-V,H 
tRC = "^'n 


- 


75 


- 


65 




85 


- 


75 


- 


65 


mA 




Average power 
supply current* (CAS 
before RAS refresh) 


ICC6 


RAS cycling, 
CAS before RAS 


- 


75 


- 


65 




85 


- 


75 


- 


65 


mA 




Average power 
supply current* 
(Fast page mode) 


"CC^ 


RAS = V|L, 
CAS cycling 
tpc=min 


- 


55 


- 


55 


- 


70 


- 


60 


- 


55 


mA 





e4 



*Note: Ice 'S dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 



CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A9. D|n) 


C|N1 


- 


- 


6 


PF 


Input capacitance 
(RAS. CAS. WE) 


C|N2 


- 


- 


7 


pF 


Output capacitance (Dqut) 


Cqut 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V ±10%. Ta = to +70°C) 



Note 1.2.3 



Parameter 


Symbol 


MSM511000 
A-8A 


MSM611000 
A-1A 


MSM511000 
A-70 


MSM511000 
A-80 


MSM511000 
A-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Refresh period 


tREP 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


140 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


185 


- 


220 


- 


165 


- 


185 


- 


220 


- 


ns 




Fast page mode cycle time 


tpc 


55 


- 


55 


- 


45 


- 


50 


- 


55 


- 


ns 




Fast page mode read/write cycle 
time 


tPRWC 


80 


- 


85 


- 


70 


- 


75 


- 


85 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


70 


- 


80 


- 


100 


ns 


4.5 


Access time from CAS 


tCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4.5 


Access time fro columu address 


tAA 


- 


40 


- 


50 


- 


35 


- 


40 


- 


50 


ns 


4.6 


Access time from CAS precharge 


tCPA 


- 


50 


- 


50 


- 


40 


- 


45 


- 


50 


ns 


4 


Output low impedance time from 
CAS 


tCLZ 





- 





- 





- 





- 





- 


ns 


4 


Output buffer turn-off delay 


tOFF 





20 





20 





20 





20 





20 


ns 




Transition time 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS prechrge time 


tRP 


70 


- 


80 




60 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


tRASP 


80 


100000 


100 


100000 


70 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


tRSH 


25 


- 


30 


- 


20 


- 


20 




25 


- 


ns 




CAS precharge time 

(Fast page mode cycle only) 


tCP 


10 




10 


- 


10 


- 


10 




10 


- 


ns 




CAS pulse width 


tCAS 


25 


10000 


30 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


tRCD 


25 


55 


25 


70 


22 


50 


22 


60 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


20 


40 


20 


50 


17 


35 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-time 


tASR 





- 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 


- 


15 


- 


12 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


75 


- 


55 


- 


60 


• - 


75 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


50 


- 


35 


- 


40 


- 


50 


- 


ns 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSM511000 
A-8A 


MSM511000 
A-1A 


MSM511000 
A-70 


MSM511(XD0 
A-80 


MSM511000 
A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Read command set-up time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read command hold time 


tRCH 





- 





- 





- 





- 







ns 


8 


Write connand hold time from RAS 


tWCR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


twcs 





- 





- 





- 





- 







ns 


7 


Write command hold time 


tWCH 


15 


- 


20 


- 


15 


- 


15 


- 


20 




ns 




Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Write command to CAS lead time 


tCWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Data-in set-up time 


tDS 





- 





- 





- 





- 





_ 


ns 




Data-in hold time 


tDH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-ds hold time from RAS 


tDHR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




CAS to WE delay 


tCWD 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 


7 


RAS to WE delay 


tRWD 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 


7 


Column address to WE delay time 


tAWD 


40 


- 


50 


- 


35 


- 


40 


- 


50 


- 


ns 


7 


Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


8 


RAS to CAS set-up time 
(CAS before RAS) 


tCSR 


10 


~ 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time 
(CAS before RAS) 


tCHR 


30 




30 


- 


30 


- 


30 


- 


30 


- 


ns 




CAS active delay fron RAS 
preharge 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS precharge time 
(Refresh counter test) 


tCPT 


40 


- 


50 


- 


40 


- 


40 


- 


50 


- 


ns 




CAS precharge time 


tCPN 


10 


- 


15 


- 


10 


- 


10 


- 


15 


- 


ns 





N 



Notes: 1 An initial paus e of 100 /us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns. 

3 ViH (min.) and V|l (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vjh and V|l. 

4 Measured with a load circuit equivalent to 2TTL + 1 GO pF. 

5 Operation within the tRCD (max.) limit insures that tpAC (max.) can be met. tRCD (max.) 
is specified as a reference point only; if tRCD 's greater than the specified tpcD (max.) 
limit, then access time is controlled exclusively by t^AC 
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6 Operation within the tpAD (max.) limit insures that tRAC ("lax.) can be met. tpAD (max.) 
is specified as a reference point only; if tpAD 's greater than the specified tpAD (max.) 
limit, then access time is controlled exclusively by tAA 

7 tyvcS' *CWD' ^RWD ^^^ UWD ^^^ ^^^ restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only; if twcS = ^WCS (min.), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD = ^CWD (min.), tRWD = ^RWD (min.) and tAWD = 
tAWD (min.), the cycle is read/write cycle and the data out will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied the condition of the 
data out (at access time) is indeterminate. 

8 Either tRRn or tRCH must be satisfied for a read cycle. 



READ CYCLE 







'rc 










'rp 


S 




^ 'ras 




RAs y- \ 

<CRP 

r 


!. U 


r 

'CRP 


'CSH 




*RCD ^, 'RSH 








tpAQ 










USR 




\"^ 




/ 


/ 




^RAD 






'ral 




J^^^rf 


<ASC 




'CAH 


1 


-"• :::p 


1 




m^ 










Row 


■'■ ■ ^ - 

Column S 
r -1 


m/////////////////////, 








tAR 






1 




tRRH 








^RCS 






tRCH 
















* r.W/////////////////, 


f 




tCAC 


- ■ — — ■ 


V///. 






tAA 








♦rac 


tCLZ 




tOFF 


> 




^ 




^ruT^'^*'" ( 




Valid Data 


Vql- 


















[ 


2 


J Don't care 
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WRITE CYCLE (EARLY WRITE) 



's. 



'CRP 



CAS 



::7 



'ras 



/ 



•rcd 



'CSH 



'n : : / 



»RAH 



-" :::®CEJ@<: 



Use 



<RSH 



'CAS 



'RAL 



'CAH 



tRP 



^CRP 



7 



immmMMM 



^\NQ,S\ 



^^ ;r: J 



'wcs 



<DS 



D|N 



'CWL 



'WCH 



<WP 



'RWL 



: /w//////////////. 



'dh 



:: W/////////////^ -^ =:^///^^^^^^^ 



DOUT 



VOH- 
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READ/WRITE CYCLE 



■^. 



'CRP 



CAS 



V|H- 



]^ 



'V^z 



<AR 



♦rad 



- :;r:Mja®^:^=EZs^^^^^ 



V1H-7 
V|L- 



D|N 



VlH-7 



'CAS 



'CSH 



3^ 



'CWL 



7 




\. m///mm 



'DS tQH 



Dqut 



VOH- 



<AA 



<CLZ 



W////////////, 



'CAC 



'OFF 



:^ 



Don't care 
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FAST PAGE MODE READ CYCLE 



"S. 



V|H- f 



Irasp 



J'^K. 



'rcd *cas 



'^^^^^_^^^_^' 



tAR 



'rah Use 



~" ::r:^td©l 



■RAD 



'CP 



<CAH 



v.H-Ty 



mm 



Dqut 



VOH-_ 

Vol - 



'CLZ 



'ASC 



mzEimc^mim 



'rch 



'CAC 



tpc 



'CAS 



<CAH 



^RCS 



'aa 



'CPA 



'off 

'CLZ 



^CP 



<ASC 



WK> 



'rsh 



<CAS 



<RAL 



'CAH 



Jrcs 

'CAC y 



'aa 



'CLZ 



'RP 



<CRP 



'CAC 



w. 



'rrh 

<RCH 



m 



Valid' 
Oatd 



> 



'off 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



RAS 



\ 



'CRP 






.r-K. 



^RCD 



'^^r^^^r^^^^ 



^AR 



'CAS 



^CP 



'wcs 



« r-MMZh: 



'ds 'dh 



<PC 



'CAS . 'CP 



'ASR JRAH lASC JQAH 'ASC JCAH 'ASC 

L *RAD 



'WCH 'WCS 



:^: 



^DHR 



°" ::" : W//////}C^^:^^M ':^^:^.m '?:^^.m777} 



'rsh 



<CAS 



'rp 



'CRP 



'CAH 



'MMZ 



^WCH 'WCS 



<DS 'DH 'dS <DH 



I 
twp 



:mM 



DOUT 
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FAST PAGE MODE READ/ WRITE CYCLE 



V|L 




'RASP 



<CSH 



:vN. 



'rah'asc'cah 



^^: 



DOUT 



VOH- 



V|H 



<RAD 



ICP 



J^^. 



Col 



Wm^ : 



'CWD 



<CWL 



^y 



'CAS 



'CAH 



n. 




Use 



•cWD 



'AWD 



'owl 



¥ 



^RSH 



J »RP S-. 



^CAS 



.0' 



<CAH 



'CRP 



— H^^^^lfJ^ ^ Data ^ ^ ^ 



^CWD 



Jawd_^1 j/ 

<CPA , I H" 
trAr <WP 



<CWL 



<OFF 



Valid 
Data 



tcLZ ' 'CLZ ^ I ^CLZ ^ I ^ "^■- I, 



Valid 
Dat.i 



Valid 
Data 



Valid Data 
\/A Don't care 



RAS ONLY REFRESH CYCLE 



'\ 



'CRP 



V|H- 



-a 



D~A9 ^'H- 



/■ 



'RP 



'rah 



XJ 

w///////////////////////////. 



^OUT 



VOH" 
VOL-" 



■ OPEN - 



VA 



NOTE: WE = Don't care. AS - Don't care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 



RAS 



V|L - 



CAS y' 



Dqut 



VOH- 
VOL- 



'rpc 



<CPN 



7^. 



'CSR 



's. 



1^ 



'CHR 



/ 



*OFF 



J 



NOTE: WE = Don't care, AO - A9 = Don't care 
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HIDDEN REFRESH READ CYCLE 



\ 



'CRP 



'RAS 



'RCD I 'rsh 



'rp 



/ N. 



'IH- ^ 



'asr ! 



K 



AO^AQ ''^!^^^/ 



'RAH 'aSC I 'CAH 




'ras 



<CHR 



/ 



^mMMMMmmm 



j I 

'RCS 



v,H-'////////y///// 



'CAC 



^ 



Dqut 



^OH- 



z 



]^ 



FTTl 



Ei 
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HIDDEN REFRESH WRITE CYCLE 



'S. 



<CRP 



V|H- f 

V|L- / 



'asr 



*RAS 



r^. 



'rcd 'rsh 



tAR 



's. 



-+- 



<RAH 'aSC 

nr 



<RAD 



<WCR 



WE ^."^ " // 



V|L 



WUMA : 



'DS 



"irmmm: 



•WCH 



/ 



'CHR 



/ 



- ::: mr^nm-:^^ m/m/m////////m. 



■ j///mm/m//////i 



^DHR 



: wm//m////m7, 



Dqut 



VOH- 

Vol-" 



UA' 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



V|L- 



% 



\ 



'CPT 



/ ^. 



tASC 



~" :::y^ 



A0^A9 



mz^: 



'rsh 



*CAS 



<RP 



/ 



'CAH 



;rA_ 



mUMMIL 



READ CYCLE 

VOH-_ 



Dqut 



WE 



'OL- 



■OPEN- 



V|L- 



i^r 



*CAC 



'ral 



WRITE CYCLE 

VOH- 



DOUT 



^OL- 



WE .^'H-^V7 



'CLZ 



<RWL 



-OPEN- 



'wcs 



tl- ' / / //// // // / 



^ 



'CWL 



^OFF 

J 

'rrh 



JRRH 
jtCH^ V// 



D|N 



ZWUMIMR 



'WP 



^^ 



y 



3^ 



^ 



READ/WRITE CYCLE 



^ouT Vol . 



'CAC 



'off 



WE 



D|N 



vih-t; 

V|L- / 



^ / f. 'rcs ^I 



2Z 



V|H-^ 






p 



'CWL 



'rwl 



^ 



i <WP I 



^J!!!!!!!^^ 



tos I 'dh 



: Don't care 
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MSM511001A 



1,048,576-WORD x 1 -BITS DYNAMIC RAM 




GENERAL DESCRIPTION 

The MSM511001A is a new generation dynamic RAM organized as 1,048,576 wo#ds by 1 bit. The 
technology used to fabricate the MSM511001A is OKI's CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 



1,048,576 words by 1 bit 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating (MAX) 


Standby (MAX) 


MSM611001A-70 


70ns 


140ns 


468mW 




MSM511001A-8A/80 


80ns 


160ns 


413mW 


5.5mW 


MSM511001A-1A/10 


100ns 


190ns 


358mW 





• Single -i-5V supply, ± 1 0% tolerance 

• Input: TTL compatible, address input, data 

input latch 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 51 2 cycles/8 ms 

• Common I/O capability using "Early Write" 
operation 



• Nibbl e mode, read /write capability 

• CAS before RAS refresh, Hidden refresh, 
RAS onl y refre sh capability 

• "Gated" CAS 

• Built-in Vbb generator circuit 



PIN CONFIGURATION (TOP VIEW) 



WE U 
RAS|T 
N.C[4 
AO'U 
Ar[? 
A2*[7 
A3' [8 

VccE 



CO 



> 

C/) 



llvss 

IZIDOUT 
16) CAS 
T|A9 
14] A8' 

lH ^^* 
12|A6' 

l3 ^^' 
10) A4* 



18 PIN DIP 



DinE 
WE (T 
RAS|T 
NC [4 
NC[5 

A0'[2 

Argo 

A2*^ 
A3* (12 

VccO 



cn 



t 

0) 



Hvss 

iDouT 
23 CAS 
2|nC 
Z^AS 

liJAB* 
13 A7' 

jejAe* 
IUab* 

J4| A4' 



26 RN SOJ 



* Refresh Address 



A9 (T 

dout[T 
DinU 

RAS|T 



TJCAS" 

I|vss 

. g 8]NC 
NC[I ^ NO LEAD 

AO*[n g fiJAr 

A2-E3 ^ gA3- 
1^ A4* 
^5-[IZ j|A6- 

^'^m HAS- 



20 PIN ZIP 



Pin Names 


Function 


AO to A9 


Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


D|N 


Data Input 


Dqut 


Data Output 


WE 


Write Enable 


vcc 


Power Supply (+5V) 


vss 


Ground (OV) 


NO 


No Connection 
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Ao~-A9 [~ 



vcc 
vss 



FUNCTIONAL BLOCK DIAGRAM 



RAS 



CAS 



Timing 
Generator 



Column 
Address 
Buffers 



:!> 



Timing 
Generator 







Column 
Decoders 



Internal 
Address 
Counter 

I 



Refresh 
Control Clock 



Sense Amps 



Row 

Address 

Buffers 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



Memory 
Cells 



OnchipVgg 



Write 
Clock 
Generator 



I/O "' Output 
Selector 



-DoUT 



Input 
Buffer 



DjN 



m 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta = 25°C 


-1.0 to +7.0 


V 


Short circuit output current 


los 


Ta = 25°C 


50 


mA 


Power dissipation 


Pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


Oto +70 


°C 


Storage temperature 


Tstg 


- 


-55 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Ta = Oto +70°) 



Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


Vqc 


- 


4.5 


5.0 


5.5 


V 


Vss 


- 











V 


Input high voltage 


V|H 


- 


2.4 


- 


6.5 


V 


Input low voltage 


V|L 


- 


-1.0 


- 


0.8 


V 
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DC CHARACTERISrrCS 

(Vcc = 5V ±10%, Ta = to +70°C) 




Parameter 


Symbol 


Conditions 


MSM 

511001A-8A 


MSM 

511001A-1A 


MSM 

511001A-70 


MSM 

511001A-80 


MSM 

511001A-10 


Unit 


Noto 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


l0H=- 5.0mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


IOL=4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 




Input leakage 
current 


"LI 


OV^VI^6.5V; 
all oter pins not 
under test = OV 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/iA 




Output leakage 
current 


ILO 


DoUT disable 
OV^V0^5.5V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/^A 




Average power 
supply current* 
(Operating) 


icci 


RAS, CAS cycling, 
tRc=min 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Power supply 


ICC2 


RAS=V,H 
CAS-ViH 
D0UT=Hz 


TTL 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




current* (Standby) 


MOS 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 




Average power 
supply current* 
(RAS only represh) 


ICC3 


RAS cycling, 
CAS=V|H 
tRC = fTi"n 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* (CAS 
before RAS refresh) 


ICC6 


RAS cycling, 
CAS before RAS 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* 
(Nibble mode) 


"CC8 


RAS=V|L, 
CAS cycling 
tNc = min 


- 


55 


- 


50 


- 


70 


- 


60 


- 


55 


mA 





*Note: Iqq is dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 



CAPACITANCE 

(Ta =25°C,f = 1 MHz) 



Parameter 


Symbol 


Conditions 


typ 


MAX 


Unit 


Input capacitance (AG to A9, D|n) 


C|N1 


- 


- 


6 


pF 


Input capacitance 
(RAS, CAS, WE) 


C|N2 


- 


- 


7 


pF 


Output capacitance (Dqut) 


Cqut 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(VcC = 5V ±10%, Ta = to +70°C) 



Note 1,2,3 



Parameter 


Symbol 


MSM 
511001A-8A 


MSM 
511001A-1A 


MSM 
511001A-70 


MSM 
511001A-80 


MSM 
511001A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Refresh period 


tREP 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


m 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


140 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


185 


- 


220 


- 


165 




185 


- 


220 


- 


ns 




Nibble mode cycle time 


tNC 


65 


- 


60 


- 


50 




50 


- 


55 


- 


ns 




Nibble mode read/write cycle time 


tNRMW 


80 


- 


90 


- 


75 


- 


75 


- 


85 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


70 


- 


80 




100 


ns 


4,5,6 


Access time from CAS 


tCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4, 5 


Access time fro column address 


tAA 


- 


40 


- 


50 


- 


35 


- 


40 


- 


50 


ns 


4, 6 


Nibble mode access time 


tNCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4 


Output low impedance time from 
CAS 


tCLZ 





- 





- 





- 





- 





- 


ns 


4 


Output buffer turn-off delay 


tOFF 





20 





20 





20 





20 





20 


ns 




Transition time 


tr 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS prechrge time 


tRP 


70 


- 


80 


- 


60 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




RAS hold time 


tRSH 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




CAS pulse width 


tCAS 


20 


10000 


30 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


tRCD 


25 


55 


25 


70 


22 


50 


22 


60 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


20 


40 


20 


50 


17 


35 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-time 


tASR 





- 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 




15 


- 


12 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


50 


- 


35 


- 


40 


- 


50 


- 


ns 




Read command set-up time 


tRCS 





- 





- 





- 





- 





- 


ns 
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AC CHARACTERISTICS (CONT.) 




Parameter 


Symbol 


MSM 
511001A-8A 


MSM 
511001A-1A 


MSM 
511001A-70 


MSM 
511001A-80 


MSM 
511001A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Read command hold time 


tRCH 





- 





- 





- 





- 





- 


ns 


8 


Write connand hold time from RAS 


tWCR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


twcs 





- 





- 





- 





- 





- 


ns 


7 


Write command hold time 


tWCH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Write command to CAS lead time 


tCWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


_ 


ns 




Data-in set-up time 


tDS 





- 





- 





- 





_ 





- 


ns 




Data-in hold time 


tDH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-ds hold time from RAS 


tDHR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


— 


ns 


7 


CAS to WE delay 


tCWD 


25 


- 


30 


- 


20 


- 


20 




25 




ns 


7 


RAS to WE delay 


tRWD 


80 


- 


100 


- 


70 




80 




100 




ns 


7 


Column address to WE delay time 


tAWD 


40 


- 


50 


- 


35 


- 


40 


- 


50 




ns 


7 


Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 




ns 


8 


RAS to CAS set-up time 
(CAS before RAS) 


tCSR 


10 


- 


10 


- 


10 




10 


- 


10 




ns 




RAS to CAS hold time 
(CAS before RAS) 


tCHR 


30 


— 


30 


- 


30 


- 


30 


- 


30 


- 


ns 




CAS active delay fron RAS 
preharge 


tRPC 


10 


- 


10 




10 


- 


10 


- 


10 


- 


ns 




CAS precharge time 
(Refresh counter test) 


tCPT 


40 


- 


50 


- 


40 


- 


40 


- 


50 


- 


ns 




CAS precharge time 


tCPN 


10 


- 


15 


- 


10 


- 


10 


- 


15 


- 


ns 




Nibble mode pulse width 


tNCAS 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




Nibble mode CAS precharge time 


tNCP 


20 


- 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




Nibble mode RAS hold time 


tNRSH 


25 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Nibble mode CAS to WE delay 


tNCWD 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




Nibble mode write command 
to RAS lead time 


tNRWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Nibble mode write command 
to CAS lead time 


tNCWL 


20 


- 


25 


~ 


20 


- 


20 


- 


25 


- 


ns 
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Notes: 1 An initial paus e of 100 fxs is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns. 

3 V|H (min.) and V|l (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and V||_. 

4 Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5 Operation within the tpcD (max.) limit insures that tRAC (max.) can be met. tpcD (max.) 
is specified as a reference point only; if tpcD 's greater than the specified tRCD (max.) 
limit, then access time is controlled exclusively by tQ/^Q. 

6 Operation within the tp/^D (max.) limit insures that tpAC (max.) can be met. tR/\D (max.) 
is specified as a reference point only; if tpAD 'S greater than the specified tpAD (max.) 
limit, then access time is controlled exclusively by t^^. 

7 ^WCS- tQWD' tRWD ^^^ ^AWD ^''^ ^^^ restrictive operating parameters. They aje includ- 
ed in the data sheet as electrical characteristics only; if twcs = ^WCS (min.) the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD = ^CWD (min.), tpwD ^ tpwD (min.) and t^WD = 
*AWD (min.), the cycle is read/write cycle and the data out will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied the condition of the 
data out (at access time) is indeterminate. 

8 Either tppH O'' ^RCH must be satisfied for a read cycle. 



e4 
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READ CYCLE 



V|L- 



CAS ^IH- 
V|L- 



't 



Zf 



V|H- 
V|L- 



-_ V|H- 7; 
WE 



Dqut 



VQH- 



<RAS 



:/' 



<CSH 



tRCD 



•n -^^/ 



*RAD 



<RAH 



^C~4®^: 



^AR 



Use 



Column 



<RCS 



7 



*AA 



7 



:m 



<RRH 



<CAC 



^CLZ 



- Open - 



^ 



^RCH 



■^ 



<OFF 



:^ 



^ 
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WRITE CYCLE (EARLY WRITE) 



V|L- 



s. 



CAS 



V|H- 
V|L- 



V|H- 
V|L- 



~J 



^ASR 



/ "^ 



^AR 



'^ : '- / 



®ZEZ®<: 



♦WCR 



V|H- 7; 



: W////////a : 



'wcs 



^DS 



- :■: ^/////////////^^^=^ i^ 



^RP 



^CRP 



7 



' m7777T, 



<WCH 



'M 



tpHR 



Dqut 



VOH- 
VOL- 



• Open - 



m 
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READ/WRITE CYCLE 



\ 



V|H- 
V|L- 




'ASR 



V|L- 



^RAS 



/ 



'V^: 



<AR . 



<RAH 



WE 

V|L- 



:m: 




^RSH 



^CAS 



*CAH 



'RCS 



D|N 



VlH-77 
V|L- 



t 



<CWL 



:?^ 



<AWD 



<CWD 



'RAC 



Dqut 



vqh- 

VOL- 



■ Open ■ 



twp 



\^m 



DS tpH 



^ ^ VaHdda,a _^ )(^ 



'CAC 



^ 



^CRP 



7' 



<OFF 



>- 
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NIBBLE MODE READ CYCLE 



V,L- 



's: 



^CRP 



CAS 



*ASR 



-~- v':: W3¥^ 



*AR 



^CSH 



'RCD 



♦rah , 



>. 



Dqut 



Vqh- 
Vql- 



'RCS^ 



VIH-77 



^/ 




m, 



[///j Don't care 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



V|L- 



CAS v,^_ y 



— :::3fc 



^CSH 



JRAD ^ 



^CAS , 



Col 



%CR 



D|N 



V|H-7- 

V|L-Z 



a. 





y/////////////////////////////. 



Dqut 



Vqh-, 
Vol- 




^. 



Valid 
-Data. 



♦PHR 



] M /TApy////////, 



ySKSMSMSXl 



tDSlI PDH 
— — — — open ■ 



Eza 
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NIBBLE MODE READ/WRITE CYCLE 



'^: 



ViH- — jr- 

V|L- f 



D|N 



V|L 

V|H- 
V|L- 

V|H- 
V,L- 

V|H 
V|L 

VOH- 
VOL- 



♦ras' 



*AR 



JCSH 



tRCD 



_^^. tRAH V 



^CAS 



^NRMW 






^NRSH 



/ 



tAQR <ASC tCAH ^NCP ^NCAS 

77^^' ^///////////////////////m7777, 

ItRAb tcWD tcWL I , [ JNCWL t NCWL,,|. 

tAwn J"WP .► ^WP <NCWp. _. twP ^~^ tNRWL 



^DS 



: ///////////^ 



<AA 



<DH 



^RAC 



<CLZ 




m 



RAS ONLY REFRESH CYCLE 



RAS 



V|L- 



"S. 



Ao~A9 



V|H- 
V|L- 



V,L- 



y 



^ASR 



♦rah 



^ZEj€ 



DouT ^O^"- 

Vol- 



. Open . 



/ 



xy 



Note: WE = Don't care, Ag = Don't care 



^ 
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CAS BEFORE RAS AUTO REFRESH CYCLE 



CAS 



V|L- 



V|H- 
V|L- 



dqut 



VOL- 



^CPN 



/~. 



N. 



> 



*RP 



m 



Note: WE = Don't care, Ao ^ Aq = Don't care 
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HrDDEN REFRESH READ CYCLE 



V,L- 



's. 



^CRP 



CAS 



V|H- 
V|L- 



^RAS 



/ 



tRCD ^RSH 



\ 



tAR 



^RAH tASC 



<RP 



<RAS 



/ 



^CHR 



/ 



r.-T^^m^^^ m//////////////////////// 



'RCS 



ViH-y 



W 



Dqut 



^CLZ 




:^ 



ra 
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HIDDEN REFRESH WRITE CYCLE 



RAS 



CAS 

V, 



's. 



IL- / 



V|H- 



/ 



*AR 



'V. 



tRAH ^ASC 

n 



V|H-^ 



^RSH 



3®<:^=c;^^ 



W7M7A ' 



^WCS 



viH-77 



/ 



'CHR 



>WCH 



twP 



'JMMMMZZmH 



wuMn^zmnmmiEmim. 



DouT ^0^~ 
VOL- 



■ Open - 



m 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



^CSR 



V|H 



's. 



*RAS 



*CHR 



V|L 






/ ^s. 



'ASC 



im: 



READ CYCLF 



L^OUT 



VOH- 
VOL-- 



<RSH 



y^v 



*CAS 



^CAH 



/ 



<RP 



:m 



WE 



vih-t; 

V|L- 



^RCS 



TM 



WRITE CYCLE 

.VOH- 
VOL- 



DoutI'oh- 



WE 



V|H- 



■mMMMMd 



^\NCS, 



°" ""J 



TmiTITTM . 



^^: 



•off 



■ Open ■ 



•wp 



:^ 



READ/WRITE CYCLE 

VOH- 

Vol- 



DOUT^O"- 



■ Open • 



V|H 
V|L 



■ ////////////////////K 



*RCS 



^m 



CLZ^ . 
*CAC 



•aa 



<CWD 



°" r J/////////////////m777777}f ^=^W77777m, 



<DS 



■S . J7777777777, 
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1,048,576- WORD x 1 -BITS DYNAMIC RAM 



GENERAL DESCRIPTION 

The MSM511002A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The 
technology used to fabricate the MSM511002A is OKI's CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 



1.048, 576 words by 1 bit 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating (MAX) 


Standby (MAX) 


MSM511002A-70 


70ns 


140ns 


468mW 




MSM511002A-8A/80 


80ns 


160ns 


413mW 


5.5mW 


MSM511002A-1A/10 


100ns 


190ns 


358mW 





m 



• Single +5V supply, * 10°n tolerance 

• Input: TTL compatible, address input, data 

input latch 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 51 2 cycles/8 ms 

• Common I/O capability using "Early Write" 
operation 



• Static colu mn mo de, read/write capability 

• CS before RAS refresh, Hidden refresh, 
RAS only refresh capability 

• Built-in Vbb Qei^efator circuit 



PIN CONFIGURATION (TOP VIEW) 




18 PIN DIP 



D|N [T 
WE U 
RAg[3 
N,C[T 
NCU 

A0*\± 

ArE 

A2-[Tl 

A3^[12 

vccIO 




26 PIN SOJ 



20 PIN ZIP 



* Refresh Address 



Pin Names 


Function 


AO to A9 


Address Input 


RAS 


Row Address Strobe 


CS 


Chip select input 


D|N 


Data Input 


DOUT 


Data Output 


WE 


Write Enable 


Vcc 


Power Supply ('SV) 


vss 


Ground (OV) 


NO 


No Connection 
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Ao-A« [~ 



vcc 
vss 



FUNCTIONAL BLOCK DIAGRAM 



RAS 



CS 



Timinfl 
Generator 



:tt> 



Column 
Address 
Buffers 



Timing 
Generator 



Internal 
Address 
Counter 



Row 

Address 

Buffers 







Column 
Decoders 



Refresh 
Control Clock 



T 



Write 
Clock 
Generator 



Sense Amps 



tb 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



Memory 
Cells 



I/O ^ Output 
Selector — Buffer 



Input 
Buffer 



OnchipVgB 



■DouT 



D|N 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta = 25°C 


-1.0 to +7.0 


V 


Short circuit output current 


los 


Ta = 25°C 


50 


mA 


Power dissipation 


Pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


Oto +70 


°C 


Storage temperature 


Tstg 


- 


-55 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Ta = to +70°) 



Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


Vcc 


- 


4.5 


5.0 


5.5 


V 


Vss 


- 











V 


Input high voltage 


V,H 


- 


2.4 


- 


6.5 


V 


Input low voltage 


V|L 


- 


-1.0 


- 


0.8 


V 
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DC CHARACTERISTICS 

(Vcc = 6V ±10%, Ta = to +70°C) 



Parameter 


Symbol 


Conditions 


MSM 

511002A-8A 


MSM 

511002A-1A 


MSM 

511002A-70 


MSM 

511002A-80 


MSM 

511002A-10 


Unit 


Noto 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


IOH= -5.0mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


IqL = 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 




Input leakage 
current 


ILI 


OV^Vi^aSV; 
all oter pins not 
under test = OV 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/.A 




Output leakage 
current 


ILO 


Dqut disable 
OV^V0^5.5V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/^A 




Average power 
supply current* 
(Operating) 


"CC1 


RAS, CAS cycling, 
tRc=min 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Power supply 


ICC2 


RAS=V|H 
CS = V,H 
D0UT=Hz 


TTL 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




current* (Standby) 


MOS 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 




Average power 
supply current* 
(RAS only represh) 


ICC3 


RAS cycling, 
CAS=V|H 
tRc = min 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* (CAS 
before RAS refresh) 


•CC6 


RAS cycling, 
CAS before RAS 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* 
(Static column mode) 


ICC9 


RAS = V|L, 
CS cycling 
tsc = min 


- 


55 


- 


55 




70 


- 


60 


- 


55 


mA 





m 



*Note: JQc is dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 



CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A9, D|n) 


C|N1 


- 




6 


PF 


Input capacitance 
(RAS, CS, WE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (Dqut) 


Cqut 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V ±10%, Ta = to +70°C) 



Note 1,2,3 



Parameter - 


Symbol 


MSM 
511002A-8A 


MSM 
511002A-1A 


MSM 
511002A-70 


MSM 
511002A-80 


MSM 
511002A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Refresh period 


tREP 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


m 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


140 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


185 


- 


220 


- 


165 


- 


185 


- 


220 


- 


ns 




Static column mode cycle time 


tsc 


55 


- 


55 


- 


45 


- 


50 


- 


55 


- 


ns 




Static column mode read/write 
cycle time 


tSRWC 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


70 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CS 


tCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4,5 


Access time from column address 


tAA 


- 


40 


- 


50 


- 


35 


- 


40 


- 


50 


ns 


4,6,7 


Access time from last write 


tALW 


- 


75 


- 


95 


- 


65 


- 


75 


- 


95 


ns 


4, 7 


Output low impedance time from CS 


tCLZ 





- 





- 





- 





- 





- 


ns 


4 


Data out put hold time reference 
to column address 


tAOH 


5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


ns 




Data output enable time reference 
to WE 


tow 


- 


30 


- 


30 


- 


30 


- 


30 


- 


30 


ns 




Output buffer turn-off delay 


tOFF 





20 





20 





20 





20 





20 


ns 




Transition time 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS prechrge time 


tRP 


70 


- 


80 


- 


60 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(static column mode cycle only) 


tRASC 


80 


100000 


100 


100000 


70 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


tRSH 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




CS precharge time 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CS pulse width 


tcs 


25 


10000 


30 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




CS pulse width 

(Static column mode cycle only) 


tcsc 


25 


100000 


30 


100000 


20 


100000 


20 


100000 


25 


100000 


ns 




CS hold time 


tCSH 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


tRCD 


25 


55 


25 


70 


22 


50 


22 


60 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


20 


40 


20 


50 


17 


35 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-time 


tASR 





- 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 


- 


15 


- 


12 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSM 
511002A-8A 


MSM 
511002A-1A 


MSM 
511002A-70 


MSM 
511002A-80 


MSM 
511002A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Column address to RAS lead time 


tRAL 


40 


- 


50 


- 


35 


- 


40 


- 


50 


- 


ns 




Column adress hold time reference 
to RAS (WRITE CYCLE) 


tAWR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Column address hold time 
reference to RAS 


tAR 


95 


- 


115 


- 


85 


- 


95 


- 


115 


- 


ns 




Column address hold time 
reference to RAS precharge 


tAH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column address hold time 
reference to WE 


tAHLW 


75 


- 


95 


- 


65 


- 


75 


- 


95 


- 


ns 




Last write to column address delay 


iWAD 


20 


35 


25 


45 


20 


30 


20 


35 


25 


45 


ns 


7 


Read command se-up time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read command hold time 
reference to CS 


tRCH 





- 





- 





- 





- 





- 


ns 


9 


Write connand hold time from RAS 


tWCR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


twcs 





- 





- 





- 





- 





- 


ns 


8 


Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write invalid time 


twi 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Write command hole time 
(Dout disable) 


tWCH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 


8 


Data-in hold time fromRAS 


tDHR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Data output hold time reference 
to WE 


tWOH 





- 





- 





- 





- 





- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Write command to CS lead time 


tCWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Data-in set-up time 


tDS 





- 





- 





- 





- 





- 


ns 




Data-in hold time 


tDH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




CS to WE delay 


^CWD 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 


8 


RAS to WE delay 


tRWD 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 


8 


Column address to WE delay time 


tAWD 


40 


- 


50 


- 


35 


- 


40 


- 


50 




ns 


8 


RAS to second WE delay 


tRSWD 


95 


- 


115 


- 


80 


- 


95 


- 


115 


- 


ns 




Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


9 


RAS to CS set-up time 
(CAS before RAS) 


tCSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





m 
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AC CHARACTERISTICS (CONT.) 




Parameter 


Symbol 


MSM 
511002A-8A 


MSM 
511002A-1A 


MSM 
511002A-70 


MSM 
511002A-80 


MSM 
511002A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




RAS to CS hold time 
(CS before RAS) 


tCHR 


30 


- 


30 


- 


30 


- 


30 


- 


30 


- 


ns 




CS active delay from RAS 
precharge 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CS precharge time 
(Refrech counter test) 


tCPT 


40 


- 


50 


- 


40 


- 


40 


- 


50 


- 


ns 




CS precharge time 


tCPN 


10 


- 


15 


- 


10 


- 


10 


- 


15 


- 


ns 





Notes: 1 An initial pause of 100 ^s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 6 ns. 

3 V|H (min.) and V|l (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and V||_. 

4 Measured with a load circuit equivalent to 2TTL + 1 GO pF. 

5 Operation within the tpcD (max.) limit insures that tR/vc (max.) can be met. tRCD (max.) 
is specified as a reference point only; if tpcD 'S greater than the specified tpcD (max.) 
limit, then access time is controlled exclusively by tcAC- 

6 Operation within the Irad (max.) limit insures that tRAC (max.) can be met. tRAD (max.) 
is specified as a reference point only; if tRAD 'S greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA- 

7 Operation within the t|_wAD (max.) limit insures that tALW (max.) can be met. tLvVAD 
(max.) is specified as a reference point only; if tLWAD 's greater than the specified 
^LWAD (max.) limit, then access time is controlled exclusively by tAA- 

® ^WCS' ^WH' ^CWD- ^RWD ^^^ UWD ^^^ ^lot restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if tyvcs = ^WCS (min.) and 
tyVH S ^WH (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcwD = ^CWD (min.), tRWD = 
tRWD (min.) and tAWD ^ UWD (min.), the cycle is read/write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied the condition of the data out (at access time) is indeterminate. 

9 Either tRRn or tRCH must be satisfied for a read cycle. 
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READ CYCLE 



RAS 



V|L- 



Ao~A9 ;;'H- 



^RC 



"t 



cs 



V|H- 5=" 

V|L-_/ 



tRAH ^ 1 I 



^-lumummii 



-<." S:- 



^RAL 



tRP 



-ar <csH 



Column 



^RCD 



fRCS 



'S: 



^AH I 



<cs 



:r 



^: 



TCRP 



'RCH 



<OFF 



> 



S 



WRITE CYCLE (EARLY WRITE) 



RAS 



'ASR 



'RC 



\ 



f 



tRAH 






^Mt 



'ASC 



'RCD 



'\: 



V|H-7 






D|N 



°ouT :-:- 



^DHR 



^ ^CAH 



^CSH 



y///////////////77Z 



tWCH 



;::SZZZZZ2ZZZZZZZf 



=CZZZZZZZZZZZZZZZZ2 



W////////////T77T, 



' OPEN ■ 



El 
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READ/WRITE CYCLE 



RAS 



V|H- 
V|L- 



V|H" 



<ASR 



^RWC 



\ 



^RAS 



<RAH 



mz^zm^: 



<CRP 



CS 



V|H- 



tCAH 



^RCD 



<RAD 



<RWD 






: '//m/////^ 



Dqut 



VOH". 

Vol- 



'MZl 



\ 



^CWD 



tDS 



tRP 



f k 



/ 



'\ rfH// 



'CRP 



^sc=ze 



^RAC 



L I 



^CLZ 



^: 



WOH 

»H 

AOH ' I ^OFF 



:^mzz> 



m 



u 



m 
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STATIC COLUMN MODE READ CYCLE 



RAS 



V|L- 



USR 



V|H 



'% 



^ASC 



^RAH 



r 



- v::Z 



Dqut 



VOH- 



mxj^DC 



^RCD 



p 



X 



^sc 



Column 



X 



'cs 



<CSH 



^CAC 



y: 



<AA 



<CP 



tRAL 



^RP 



Column 



^RCH 
<OFF 



.^T^Vr Valid ^^^^ Valid A 
l/J A^ Data -S <^ A ir Data ^ f 



tRSH 



^CS 



:/' 



<RCS 



'GAG 



tAH 



<CRP 



*RRH 



<RCH 



^mi 



<2C1C> 



-^CLZ 



E« 
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• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



RAS 



V|H- 
V,L- 



*ASR 



A0~A9 



V|H 



\m 



\ 



^RASC 



^ 



^RP 



^RAH 



CS 



V,H- 



V|H- 



D|N 



V|H-T 



^AD 



^CAH 



^CAH 



%CS 



^DHR 



^CSC 



^ASC 



(CT2™!eZ3S3(ZZfci3(ZZZZZZZZZZ 

^AWR ^CP ^CSC| tpRP 



^AL 



^SC 



\U^ ^s. 



%CH 



twp 



zOh, 



^DH ^DS 



^CSC 



^CP 



%CS 



^WCH 



^: 



*csc 

^RSH 



^CWL 



^RWL 



twcs 



/ 



TV' VALID '^TTV' VALID ^TTTN VALID V/// 
L/y P^^^ AZZ/r DATA JV1//A DATA A///, 



^DH 



Vqh- 

VOL- 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



RAS 



^ASR 



^ASC 






^RAH 



CF 



WF 



V|H- 
V|L- 



V|H- 



--%;:" w^^^^mr^^^^^^^^^^ 



^AWR 



^RAD 



^ASC 



^RCD 



\ 



^WCS 



t 



^DHR 



^DS 



^CAH 



^ASC 



%CR 



%CH 



twP 



^\N\ 



.^DH 



^" ::: ZZZZZZZZ2C 

VOH- 



VALID 
DATA 



^DS 



^CAH 



^ASC tcAH 



^CSC 



^SC 



twP 



tWI 



zr—s^JT^s^^ 



^DH ^DS 



^CWL 



^RWL 



^CRP 



/ 



twp 



^DH 



TOnaTf7r^T y/////////A 



DqUT 



Vol- 



-OPEN- 







Don't care 
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STATIC COLUMN MODE READ/WRITE CYCLE 



-mMSM511002Ai 



RAS 



V|H-" 
V|L- 



tRASC 



cs ;;'H- 



^RAD 



^RCS 



^RWD 



WE 



V|L 



■ w//////// 



<RCD 



^ASR ^ I ^RAHI ^CAH I , |^ ^RWL [| 




<CWD 



<AWD 



^DS 



°- zmmrnnm 



DOUT 



VOH- 
VOL- 



N: 



1^ ^RP _| 
■=■ tRAL ^^— 



<SRWC 



<LWAD 



twp 



Valid 
Data 



!CAC tAOHl 



^AWD 



<CRP 



^CWL 



^^ 



->^77Z777ra!n <////////////, 



<WOH 



^RAC U ^AA -^ 



^CLZ 



UlW k 



<AA 



^OW . 



^ ^ valid Data ^ ) ^///)f^alid Data YU/lk 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



RAS );'H- 



— • ::;^ :^=~ i ^^^?7^n=ri(^^^7^-Tzr- j ^^:7;^ 



\ 



Use 



^CWD 



°ouT :-:- 



Ua 



'CLZ 



^CAH 



"^^ tWP \1^ 



- :r: -/y////y//////////>p:^^^/////////////////. 

MCAC I tow 'aoh 



mMLWnniMsnmiixw^ 



(READ) 



(WRITE) 



(READ) 







Don't care 
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RA8 ONLY REFRESH CYCLE 














tRC 


\ 




tRAS 1 


tRp 




PAS-: w Y 


^CRP 


1 


' 


tRPC 






1 


" *" 








f 


tRAH 1 


\ / 








--B :T:y/////////M 


: - W///////////X 


n ^^"" 




, _ 




NOT 


\//\ : Don't care 
E: WE = Don't care, A9 = Don't care 



CS BEFORE RAS AUTO REFRESH CYCLE 




iMSM511002Ai 



HIDDEN REFRESH READ CYCLE 



RAS 



V|L- 



<CRP I 



<ASR 



— Z:W3^: 



<RC 



<RAS 



■s. 



^RAD 



V|L 



■.mm 



<RSH 



<RAL 



v—\ 



<RP 



<RC 



^RP 



Column 



DOUT 



VOH- 



<RAS 




<CHR 



/ 



'M 



^CAC 



Ua 



istpt 



^RRH 



> 



HIDDEN REFRESH WRITE CYCLE 




cs 



ViH -/T 



VlH-TTVi'^ 
V|H-7 



<RA& 



<AR 



Use 



%. 



:iOi: 



Col 



%CS 



^. 



^DS 



DOUT 



^RSH 



'RP 



'RC 



tRAS 




^CHR 



^ 



^CAH 



') (//////////////////////////////// 



%CH 



VOH- 



%CR 



■ J///////////////////////////, 



VOL- 



- OPEN • 



: Don't care 
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CS BEFORE RAS REFRESH COUNTER TEST 



RAS 



V|L 



<CSR 



cs ;;'H- 

V|| 



^. 



\. 






•-» '.:: '////////////7Tm : 



READ CYCLE 

VOH 



Dqut 



Vol - 



WE 



:v: ////////////TlZ 



^- 



WRITE CYCLE 

AO - A9 



:: : 7////////////7 y^^^::T?< 7777777//////// 

Use 



''o- v°r 



^wcs 



':'- /////////// iiAz 



^DS 



^: 



READ/WRITE CYCLE 



:::zzzzzzzzzzzzzz>^: 



Dqut 



VOH- 



^RSH 



:/^^v 



y 



Column 



o^: 



:^ 



<RP 



:kzzz: 



<RRH 



^wz 



%CH 



id Data ^y 



////////- 



*CAC 



^CLZ 



^2)?: 



:^ 



Valid Data 



UWD 



<CWD 



WE 



V|L 



/////////////. 



tps 



<CWL 



twp 



^DH 



'WOH 



^OFF 



\z:£zzzzzzzz 



"« ;!r: ///////////////////> f5l </////y/// 

K//1 ; Don't care 
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MSM514256A 



262,144-WORD x 4-BITS DYNAMIC RAM 



GENERAL DESCRIPTION 

The MSM5 1 4256 A is a new generation dynamic RAM organized as 262, 1 44 words by 4 bits. The technology 
used to fabricate the MSM514256A is OKI's CMOS silicon gate process technology. The device operates at 
a single -t-5V power supply Its I/O pins are TTL compatible. 



FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 



• 262,144 words by 4 bits 



E^ 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating (MAX) 


Standby (MAX) 


MSM514256A-70 


70ns 


140ns 


468mW 




MSM514256A-8A/80 


80ns 


160ns 


413mW 


5.5mW 


MSM514256A-1A/10 


100ns 


190ns 


358mW 





Single -i-5V supply, ±10% tolerance 
Input; TTL compatible, address input, data 

input latch 
Output: TTL compatible, tristate, nonlatch 
Refresh: 512 cycles/8 ms 
Output impedance controllable through early 
write and OE operations 



Fast page m ode, read/write capability 

CAS before RAS refresh. Hidden refresh, 

RAS onl y refr esh capability 

"Gated" CAS 

Built-in Vqb generator circuit 



DQ1 (T 
DQ2[r 
WE |T 
RAS(T 
NC U 
AO* U 
Ar \T 
A2-[8 

vccOl 



T9)DQ4 
i||DQ3 

Ttjcas 

T|0E 
l|A8- 
T4| A7- 
g A6- 

Tl) A4* 



20 PIN DIP 



PIN CONFIGURATION (TOP VIEW) 



DQ1 [T 
DQ2 (T 

wTCT 

RASfT 
NC [F 

AO-JS; 
Al'fO 
A2-[TT 
A3*^ 

VccIU 



2 



2§Vss 
2|DQ4 
2^003 

2^Ca5 
22|CE 

i^AS* 
ij A7' 
16] A6* 
lH A5* 
i4| A4* 



' Refresh Address 



OE \T 
D03[T 

vss[l 

DQ2IT ^ 

RAS[9_ oj 

AO*[n i^ 

A2-[13 I ^^3- 

vcclil ^ gA4- 

^^•[H TlA6- 

^''^ 23a8- 



T|cAS 
T|0Q4 
6]DQ1 

e] WE 

NO LEAD 



20 PIN ZIP 



Pin Names 



AC to A8 
RAS 



i Address Input 

Row Address Strobe 



CAS 


Column Address Strobe 


001 to 004 


Data In/Oala Out 


OE 


Output Enable 


WE 


Write Enable 


vcc 


Power Supply (*5V) 


vss 


Ground (OV) 


NC 


No Connection 
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Ao—Ae I 



vcc 
vss 



FUNCTIONAL BLOCK DIAGRAM 



RAS 



CAS 



Timing 
Generator 



Column 
Address 
Buffers 



Internal 
Address 
Counter 

I 



Row 

Address 

Buffers 



t^- 







Refresh 
Control Clock 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



OnchipVgg 



Timing 
Generator 



Column 
Decoders 



Sense Amps 



Memory 
Cells 



Write 
Clock 
Generator 



WE 



I/O 
Selector 



Output 
-♦Buffers 



Input 
Buffers 



— DQ,--DQ4 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta = 25°C 


-1.0 to +7.0 


V 


Short circuit output current 


los 


Ta = 25°C 


50 


mA 


Power dissipation 


Pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


Oto +70 


°C 


Storage temperature 


Tstg 


- 


-55 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Ta = to +70°) 



Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


Vcc 


- 


4.5 


5.0 


5.5 


V 


Vss 


- 











V 


Input high voltage 


VjH 


- 


2.4 


- 


6.5 


V 


Input low voltage 


V|L 


- 


-1.0 


- 


0.8 


V 
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DC CHARACTERISTICS 

(Vcc = 5V ± 1 0%, Ta = to -^70°C) 



Parameter 


Symbol 


Conditions 


MSM514256 
A-8A 


MSM514256 
A-1A 


MSM514256 
A-70 


MSM514256 
A-80 


MSM514256 
A-10 


Unit 


Noto 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


l0H= -5.0mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


l0L= 4.2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 




Input leakage 
current 


ILI 


OV^VI^6.5V; 
all oter pins not 
under test=OV 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


}jLfK 




Output leakage 
current 


ILO 


DouTdisable 
OV^VO^S.SV 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/^A 




Average power 
supply current* 
(Operating) 


•cci 


RAS, CAS cycling, 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Power supply 


ICC2 


RAS = V,H 
CAS=V|H 
D0UT = Hz 


TTL 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




current* (Standby) 


MOS 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 




Average power 
supply current* 
(RAS only represh) 


ICC3 


RAS cycling, 
CAS = V,H 
tRC = 'T^'n 


- 


75 


- 


~65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* (CAS 
before RAS refresh) 


ICC6 


RAS cycling, 
CAS before RAS 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* 
(Fast page mode) 


icc7 


RAS=V|L. 
CAS cycling 
tpc = min 


- 


60 


- 


60 


- 


75 




65 


- 


60 


mA 





^ 



*Note: Ice 's dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 



CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to AS) 


C|N1 


- 


- 


6 


PF 


Input capacitance 
(RAS, CAS, WE. OE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (DQ1 to DQ4) 


C|/0 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V ± 1 0%. Ta = to +70°C) 



Note 1.2,3 




Parsmeter 


SymtK)! 


MSM514256 
A-8A 


MSM514256 
A-1A 


MSM514256 
A-70 


MSM514256 
A-80 


MSM514256 
A-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Refresh period 


tREP 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


140 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


215 


- 


255 


- 


195 


- 


215 


- 


255 


- 


ns 




Fast page mode cycle time 


tpc 


55 


- 


55 


- 


45 


- 


50 


- 


55 


- 


ns 




Fast page mode read/write cycle 
time 


tPRWC 


110 


- 


120 


- 


100 


- 


105 


- 


120 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


70 


- 


80 


- 


100 


ns 


4.5 


Access time from CAS 


tCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4.5 


Access time fro columu address 


tAA 


- 


40 


- 


50 


- 


35 


- 


40 


- 


50 


ns 


4.6 


Access time from CAS precharge 


^CPA 


- 


50 


- 


50 


- 


40 


- 


45 


- 


50 


ns 


4 


Output low impedance time from 
CAS 


tCLZ 





- 





- 





~ 





- 





- 


ns 


4 


Output buffer turn-off delay 


tOFF 





20 





20 





20 





20 





20 


ns 




Transition time 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS prechrge time 


tRP 


70 


- 


80 


- 


60 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


tRASP 


80 


100000 


100 


100000 


70 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


tRSH 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




CAS precharge time 

(Fast page mode cycle only) 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS pulse width 


tCAS 


25 


10000 


30 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


tCSH 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


tRCD 


25 


55 


25 


70 


22 


50 


22 


60 


25 


75 


ns 


5 


RAS to column address delay time 


*RAD 


20 


40 


20 


50 


17 


35 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


^CRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-up time 


tASR 





- 





- 





- 





- 





- 


ns 




Row addrefes hold time 


tRAH 


15 


- 


15 


- 


12 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSM514256 
A-8A 


MSM514256 
A-1A 


MSM514256 
A-70 


MSM514256 
A-80 


MSM514256 
A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Column address to RAS qead time 


tRAL 


40 


- 


50 


- 


35 


- 


40 


- 


50 


- 


ns 




Read command set-up time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read command hold time 


tRCH 





- 





- 





- 





- 





- 


ns 


8 


Write connand hold time from RAS 


tWCR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


twos 





- 










- 





- 





- 


ns 


7 


Write command hold time 


tWCH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 




20 


- 


20 


- 


25 


- 


ns 




Write command to CAS lead time 


tCWL 


20 


- 


25 


_ 


20 


- 


20 


- 


25 


- 


ns 




Data-in set-up time 


tDS 










- 





- 





- 





- 


ns 




Data-in hold time 


tDH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-ds hold time from RAS 


tDHR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




CAS to WE delay 


tCWD 


55 




65 


- 


50 


- 


50 


- 


60 


- 


ns 


7 


RAS to WE delay 


tRWD 


110 




135 


- 


100 


- 


110 


- 


135 


- 


ns 


7 


Column address to WE delay time 


tAWD 


70 


- 


85 


- 


65 


- 


70 


- 


85 


- 


ns 


7 


Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


8 


RAS to CAS set-up time 
(CAS before RAS) 


tCSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time 
(CAS before RAS) 


tCHR 


30 


- 


30 


- 


30 


- 


30 


- 


30 


- 


ns 




CAS active delay fron RAS 
preharge 


tRPC 


10 


- 


10 


- 


10 


— 


10 


- 


10 


- 


ns 




CAS precharge time 
(Refresh counter test) 


tCPT 


40 


- 


50 


- 


40 


- 


40 


- 


50 


- 


ns 




CAS precharge time 


tCPN 


10 


- 


15 


- 


10 


- 


10 


- 


15 


- 


ns 




RAS hold time reference to OE 


tROH 


20 


- 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




Access time from OE 


tOEA 


- 


20 


- 


25 


- 


20 


- 


20 


- 


25 


ns 




OE delay time 


tODE 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




OE to data output guffer 
turn-off delay 


tOEZ 





20 





25 





20 





20 





25 


ns 




OE command hold time 


tOEH 


20 




25 


- 


20 


- 


20 


- 


25 


- 


ns 





m 
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Notes: 1 An initial paus e of 100 /jS is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns. 

3 V||-j (min.) and V||_ (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and Vjl. 

4 Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5 Operation within the tpcD (max.) limit insures that tR/\c (max.) can be met. tpcD (max.) 
is specified as a reference point only; if tpcD 'S greater than the specified tpcD (max.) 
limit, then access time is controlled exclusively by tcAC 

6 Operation within the tp^D (max.) limit insures that tpAC (max.) can be met. tR/\o (max.) 
is specified as a reference point only; if tR/\D is greater than the specified tpAp (max.) 
limit, then access time is controlled exclusively by t^^. 

7 ^WCS' ^CWD> ^RWD and t/\\/\/D are not restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only; if twcs = *WCS (min.) the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD = ^CWD (min), tpvVD =^RWD (min.) and tAWD = 
tAWD (min), the cycle is read/write cycle and the data out will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied the condition of the 
data out (at access time) is indeterminate. 

8 Either tppH or tpQH must be satisfied for a read cycle. 
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READ CYCLE 



V|L- 



'S 



'RCD 



<RAD 



'RAH tASC 



'^i: 



<CAH 



— TW)f^iifin=^- ti////////////f777m 



'RCS 



::r: /////////// 



OE ' 



>CAS 



/■ 



:£Iy' 



<RAL 



<CRP 



IV. 



V 



*AA 



- V///////////////7M 



DQ1 -DQ4 



Vqh- 

VOL- 



©: 



■-^•rch 



V/////////// 



Valid Data-out 



:^ 



E]i 



WRITE CYCLE (EARLY WRITE) 



's. 



>CRP 
V|H- J^^— ^ 



'ASR 



'CSH 



'RAD 



'rah 
'asc 



rQ: 



JCAH 



— :::7^:-^!On=T C////////////777777i r- 



<wcs 



" :r ■- ////////// A - 



1^ 



'RSH 



'CAS 



'ral 



:^I7 



'CRP 



\ 



V 



'WCH 



'WP 



'WCR 



- ////////////////////// 



OE 



V|L 



'///////////////////////////////////I////, 



'ds 



"'dhr" 



'dh 



DQ1 ~DQ4 



V|L- 



-^ Valid Data-in ^ 



■OPEN- 



jWi Don't Care 
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WRITE CYCLE (OE CONTROL WRITE) 



RAS 



V|L - 



•\: 



<CRP 



^RC 



^RAS 



tAR 



/ 



*CSH I 



*RAD_ 



*RAH tASC 



:|S; 



>RSH 



it( 



CAS _ 
_L tRAL 



£ 



<RP 



7 



'CRP 



\ 



V 



r, <CWL , I I 



"^ ir J///i///i//ii///n T,\ ''^///i//i//i/////i////. 



^ :: y///////////// -^. 



DQ1 ~DQ4 



<DS 



'OEH 




WZMZZZmZZZZZL 



■) — mzM^Ejmmzzzzzzzzizzzi 

\/\ Don't Care 



READ/WRITE CYCLE 



'\z 



'CRP 



'asr 



WE 



V|H- 
V|L- 

V|H- 
V|L- 

V|H 



*RWC 



^RAS 



1^ 

a^ tCP 



<CSH 



'rah Use 



^ m-^^^w7///////////////m 



<RAD 



■Q: 



'rsh 



'CAS 



.'can 



■L 



Ua 



7~\. 



'CWD 



<RWD 



<OEA 



r: ;//////////////ri 



DQ1 -DQ4, '^OH- 
V|/OL - 



0' 



♦CAC 



7' 



'OED 



'OEZ 



•ds 



;:;:; — S r^/////////, 



'CWL 



'dh 



^^g>^E= ^//////// 
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FAST PAGE MODE READ CYCLE 



RAs y~ 

V|L - 



<CRP 



t-m: 



'rasp 



tAR 



'rcd 



*RAD 



tRAH 'ASC 



:©: 



/ 



'csh 



Column 



V|L 



--YMZft 



6e >-V77 



'CP 



:!^*: 



<RCH 



DQ1 ~-DQ4 



VOH-. 

Vol- 



■^d3±i^tz±i'"ldzh/: 



'CAH 



'ASC 





'rsh 



'CAH 



'crp 



Y 



^imm: 



'rcs 



•aa 



hOFF <CAC 



|OFF 
'OEZ 



Valid 
Data-out 



> 



<CLZ 



'rrh 



iSZ 



'rch 



' V777. 



Tjm 



Valid 
Data-out 



> 



<CLZ 



K/Zi Don't Care 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



V|L- 



\ 



c-^. X.}^' 



'rasp 



wi ^iH-77 



'PC 



2^: 



DQ1 ~DQ4 ^'^^' 
V|L-Z 



'DS 



- \ ^CSH _^ \ I I- ■ h - tRAL 

'rah 'asc 'cah ^asc 'cah 'asc 'cah I 



:: :^|3©iS30G3^!D^3^^CI 



:^:: 



'dh 



X^imm, 



^HR 



'rsh 



/ 



'WCH 



'wcs 



mm 



'DSI 



Valid 
Data-in 




'CRP 



'wCH 



'WP . 



^////////// 



'DH 



Valid 
Data-in 




7TTTTTT, 



Y//\ Don't Care 
Oe|= I Don't Care 
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE) 



RAS 



\ 



^CRP 



CAS 



V|H- *- 

V|L- / 



*RASP 



'CSH 



^RCD 



'^, .n-s: 



'CAS 



TC 



^CP 



^CAS 



^CP 



:r-s: 



^^ X Jiiiiiiiiiiiiiiiiiiih ^ (imjm; \^fiiim\. mwi 



^^zmmmmimVs 



^OED 



'DHR 



DQ1 ~DQ4 v„ 






r-TMiimm^mMimmm 



'RSH. 



'CAS 



^RP 



tCRP 



7 



^ASR ^RAH ^CWL t^^SC XAH tcvVL ASC tQAH 

**^>sc J pcAH |**< H »*-H p^ M ^^ 

I ^ ^ AR ^ I ^RWL ,' 1 ^ 

*WP ^WP ^CWL 






^OED 



^WP 



'OEH 



^DH 



mm 



VALID 
DATA. 



\ / 1 / \ Don't Care 
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FAST PAGE MODE READ/WRITE CYCLE 



RAS 



V|L 



'ASR 



tAR 



a- tRp V- 



^CSH 



^RCD 



<RAH 



\N. 



<ASC 



r^ Z'-YM^' 



<CAS 



<CAH 



Column 



<CP 



J^\ .^"S. 



IPRMW 



<CAS 



Use 



:^^i 



<CAH 
iColumnA 




^CP 



<RWD 



'CWD 



*AWD 



'OEA 



3. 



\ 



L^ 



AA 
<CAC 



^RAC 



DQ1 ~DQ4^'/0H-. 
V|/OL - 



'OED 
'OEZ 



^ 



'DS 






»CWL 



/ 



tvyp 



7ZZ, 



Use 



<RSH 



'eAS 



^ 



'eAH 



'CRP 



<ePA 



<ewD 



'ewL 

tr 




V( 



<eAe 
Ua 



tOED 



<OEZ 
<DS 



rouT 

<eLZ 



twpl 



^ePA 



y/////////// 



'awd 



■^/^ 



^eAC 
Ua 




<OED 



<RWL 



1.5^ 



N 



<OEZ 



'DS 



heiz 



»DH 



fYV^ 



RAS ONLY REFRESH CYCLE 



RAS 



CAS '''►^- 
V|| _ 



X 



USR 



V|H- ^ 



:/■ \ 



^RAH 



t7 



;r: m^~ ^^^^7^///////////X 



Notes: WE. OE = Don't Care 



VTA Don't Care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 



RAS 



V|H- f 

V|L-_/ 



<OFP 



^. 



'CSR 



<RC 



\ 



Iras 



<CHR 



/ 



DQ1 -DQ4 



VOH- 
VOL-. 



J 



OPEN 



Notes: WE, OE, AO ~ A8 = Don't Care 



»RP 



/ <RPC 

a - -m »> 



\ 



\ 



HIDDEN REFRESH READ CYCLE 



RAS y~ 



V 



tCRP 






^RAS 



J^^. 



Use 



::--m 



'RAH 



•^. 



'rsh 



'rp 



<RC 



<RAS 



^RP 



/ 



<CHR 



V 



::m")(K^. <m////////////////////K 



'ral 



Ua 



r. wmm 



<ROH 



'RRH 



<OEA 



DQ1 -DQA^OH . 

Vol - 



*RAC 



<CAC 



tCLZ 



HlllimilllllllinTTTT, 



l lllllllllllllll 



<OEZ 



'W. 



EZ3' 



Valid Data-out 



<OFF 



> 
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HIDDEN REFRESH WRITE CYCLE 



'RC 



V|H- / 



'RAS 



tAR 



.r^. 



^RCD. 



<RAD 



•asc 



:m'Em. 



<RAH 



'^. 



iRSH 



^CAH 



<WCS 



— V|H -7 

WE , '^ ^ 

V|L 



:mm 



<RAL . 



<RP 



<RC 



^RAS 



/ 



<RP 



<CHR 



\ 



' iiiiniiimiiiiiiTmn/ : 



%CH 



<WP 



^WCR 



■ tiiiiiniiiiiiiiiiiiiiiii, 



r J/i//i////i//ii/i///t///////ii/i//fTTTn 



<DS 



<DH 



*DHR 



~— ;:r.-7777}^ : y.^^^- ^ x//////////////////////, 



ra 



Don't Care 
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CAS BEFORE RAS REFRESH COUNTER TEST 



<P?AS 



<RP 



./' 



<CSR ' 



CAS 



'CHR 



TCPT 



V|H-7y 



wm. 



READ CYCLE 



<ASC 



\ 



<RSH 



^CAS 



^CAH 



v,H-r 

V|L-/ 



^m. 



L 



^ 



^CAC 



OE 



DQ1 ~-DQ4 



V|H-r 



v////////////////r^ 



vqh- 



Vql- 
WRITE CYCLE 

v,M-77 



^wcs 



WE 



V|H- 
V|L- 

V|H- 



zzzzz 



<CLZ 



^^: 



<ROH 



iZZ 



<RRH 



^RCH 



\i 



<OEZ 



Valid Data-out 



^WCH 



tyvp 



*OFF 



> 



\[im 



DQ1 -DQ4 



READ/WRITE CYCLE 



■c 



nil II I II III! Ill rm, 

L *DH 



'^^ ;;r2 



^AA 



OE ^'.'"-^ 



22 



♦awd 



> 



<CWD 



*OEA 



*CAC 



DQ1 ~DQ4 



V|/OH- 
V|/OL - 



1 ]OED 
-^ <OEZ 



tDS 



\ / /\ Oon'tCare 



\r^.j^^% p'a^al y 



♦CWL 



<RWL 



*WP 



's^^ 



^DH 
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262,144-WORD x 4-BITS DYNAMIC RAM 



GENERAL DESCRIPTION 

The MSM514258A is a new generation dynannic RAi\/1 organized as 262,144 words by 4 bit. The 
technology used to fabricate the MSM514258A is OKI's CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 



• 262,144 words by 4 bits 



m 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating (MAX) 


Standby (MAX) 


MSM514258A-70 


70ns 


140ns 


468mW 




MSM514258A-8A/80 


80ns 


160ns 


413mW 


5.5mW 


MSM514258A-1A/10 


100ns 


190ns 


358mW 





• Single +5V supply, -+. 1 0% tolerance 

• Input: TTL compatible, address input, data 

input latch 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 51 2 cycles/8 ms 

• Output impedance controllable through early 
write and OE operations 



• Static column mode, read/write capability 
capability 

• CS before RAS refresh, Hidden refresh, 
RAS only refresh capability 

• Built-in Vbb generator circuit 



PIN CONFIGURATION (TOP VIEW) 



DQ1 [T 
DQ2|T 
WE |T 
RAS|T 
N C U 
A0*[6 

Ar [T 

A2* [8 
A3*[9; 

VccHo 






D 

in 



TDdQ4 
T8|DQ3 

TTjcs 

TgOE 
T| A8' 
U] A7* 
l| A6* 
g A5' 
n] A4* 



20 PIN DIP 



DQl[T 
DQ2|T 

WE [J 
RAS|T 

N.C U 

AO*|T 

Ar [To 

A2*[T2 
A3*[r2 

vcclll 



in 



in 



Hvss 

2|dQ4 
2^003 
2| C§ 
22] OE 

jDas* 

Tt] A7* 
iU A6* 
15] A5* 
i4J A4* 



' Refresh Address 



OE [T 
DQ3|T 

VssU 

DQ2|T 
RAS[T 
AO'fTT 
A2-DI 

vcc[ll 

A5*[l7 
A7*[T9 



in 



in 



I]cs 

5]dQ4 

T|dqi 

¥| WE 
NO LEAD 

T2) Ar 

141 A3* 
JH A4* 
Tl A6* 
2| A8* 



Pin Names 


Function 


AO to A8 


Address Input 


,RAS 


Row Address Strobe 


CS 


Chip select input 


DQ1 toDQ4 


Data In/Data Out 


OE 


Output Enable 


WE 


Write Enable 


vcc 


Power Supply ( + 5V) 


vss 


Ground (OV) 


NO. 


No Connection 
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Ao—Ae [ 



vcc 
vss 



FUNCTIONAL BLOCK DIAGRAM 



RAS 



CS 



Timing 
Generator 



:m> 



Column 
Address 
Buffers 



Timing 
Generator 



:> 



Column 
Decoders 



Internal 
Address 
Counter 



Refresh 
Control Clock 



Sense Amps 



Row 

Address 

Buffers 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



Memory 
Cells 



OnchipVgg 



Write 
Clock 
Generator 



WE 



OE 



I/O "* Output 
Selector -►Buffers 



Input 
Buffers 



DQ,-DQ4 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Voltage on any pin relative to Vss 


VT 


Ta=25°C 


-1.0 to +7.0 


V 


Short circuit output current 


los 


Ta=25°C 


50 


mA 


Power dissipation 


Pd 


Ta = 25°C 


1 


W 


Operating temperature 


Topr 


- 


Oto+70 


°C 


Storage temperature 


Tstg 


- 


-55 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Ta = to +70°) 



Parameter 


Symbol 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


Vcc 


- 


4.5 


5.0 


5.5 


V 


Vss 


- 











V 


Input high voltage 


V|H 


- 


2.4 


- 


6.5 


V 


Input low voltage 


V|L 

1 , . 


- 


-1.0 


- 


0.8 


V 
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DC CHARACTERISTICS 

(Vcc = 5V ±10%, Ta = to +70°C) 




























Parameter 


Symbol 


Conditions 


MSM 

514258A-8A 


MSM 

514258A-1A 


MSM 

514258A-70 


MSM 

514258A-80 


MSM 

514258A-10 


Unit 


Noto 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


l0H = - 5.0mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


Iql — '^•2mA 





0.4 





0.4 





0.4 





0.4 





0.4 


V 




Input leakage 
current 


ILI 


OV^VI^6.5V; 
all oter pins not 
under test = OV 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


//A 




Output leakage 
current 


ILO 


Dqut disable 
OV^V0^5.5V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


//A 




Average power 
supply current* 
(Operating) 


icci 


RAS, CS cycling, 
tRc = min 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Power supply 

current* 

(Standby) 


ICC2 


RAS^ViH 

CS=V|H 

DOUT-Hz 


TTL 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




MOS 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 




Average power 
supply current* 
(RAS only represh) 


lGC3 


RAS cycling, 
CAS=V|H 
tRc = m'n 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* (CS 
before RAS refresh) 


ICC6 


RAS cycling, 
CS before RAS 


- 


75 


- 


65 


- 


85 


- 


75 


- 


65 


mA 




Average power 
supply current* 
(Static column mode) 


ICC9 


RAS-V|L, 
CS cycling 
tsc^min 


- 


60 


- 


60 


- 


75 


- 


65 


- 


60 


mA 





N 



*Note: Ice 'S dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 



CAPACITANCE 

(Ta = 25°C. f = 1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AG to A8) 


C|N1 




- 


6 


PF 


Input capacitance 
(RAS, CS. WE, OE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (DQ1 to DQ4) 


C|/0 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V ±10%, Ta = to +70°C) 



Note 1,2,3 



Parameter 


Symbol 


MSM 
514258A-8A 


MSM 
514258A-1A 


MSM 
514258A-70 


MSM 
514258A-80 


MSM 
514258A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Refresh period 


tREP 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


140 


- 


160 


- 


190 


- 


ns 




Read or write cycle time 


tRWC 


215 


- 


255 


- 


195 




215 


- 


255 


- 


ns 




Static column mode cycle time 


tsc 


55 


- 


55 


- 


45 




50 


- 


55 


- 


ns 




Static column mode read/write 
cycle time 


tSRWC 


110 


- 


135 


- 


100 


- 


110 


- 


135 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


100 


- 


70 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CS 


tCAC 


- 


25 


- 


30 


- 


20 


- 


20 


- 


25 


ns 


4, 5 


Access time from column address 


tAA 


- 


40 


- 


50 


- 


35 


- 


40 


- 


50 


ns 


4,6,7 


Access time from last write 


tALW 


- 


75 


- 


95 


- 


65 


- 


75 


- 


95 


ns 


4, 7 


Output low impedance time from CS 


tCLZ 





- 





- 





- 





- 





- 


ns 


4 


Data output hold time reference to 
column address 


tAOH 


5 




5 


- 


5 


- 


5 


- 


5 


- 


ns 




Data output enable time reference 
to WE 


tow 


- 


30 


- 


30 


- 


30 


- 


30 


- 


30 


ns 




Output buffer turn-off delay 


tOFF 





20 





20 





20 





20 





20 


ns 




Transition time 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS prechrge time 


tRP 


70 


- 


80 


- 


60 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10000 


100 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




RASpulse width 

(Static column mode cycle only) 


tRASC 


80 


100000 


100 


100000 


70 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


tRSH 


25 


- 


30 


- 


20 


- 


20 


- 


25 


- 


ns 




OS precharge time 
(static column mode) 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




OS pulse width 


tcs 


25 


10000 


30 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




CS pulse width 

(Static column mode cycle only) 


tcsc 


25 


100000 


30 


100000 


20 


100000 


20 


100000 


25 


100000 


ns 




OS hold time 


tCSH 


80 


- 


100 


- 


70 


- 


80 


- 


100 


- 


ns 




RAS to CS delay time 


tRCD 


25 


55 


25 


70 


22 


50 


22 


60 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


20 


40 


20 


50 


17 


35 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-up time 


tASR 





- 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 


- 


15 


- 


12 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSM 
514258A-8A 


MSM 
514258A-1A 


MSM 
514258A-70 


MSM 
514258A-80 


MSM 
514258A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Column address to RAS lead time 


tRAL 


40 


- 


50 


- 


35 


- 


40 


- 


50 




ns 




Column adress hold time reference 
to RAS (WRITE CYCLE) 


UWR 


60 


- 


75 


- 


55 


- 


60 


- 


75 




ns 




Column address hold time 
reference to RAS 


tAR 


95 


- 


115 


- 


85 


- 


95 


- 


115 




ns 




Column address hold time 
reference to RAS precharge 


tAH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column address hold time 
reference to WE 


tAHLW 


75 


- 


95 


- 


65 


- 


75 


- 


95 


_ 


ns 




Last write to column address delay 


tLWAD 


20 


35 


25 


45 


20 


30 


20 


35 


25 


45 


ns 


7 


Read command se-up time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read command hold time 


tRCH 





- 





- 





- 





- 





- 


ns 


9 


Write command hold time from RAS 


tWCR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


twcs 





- 





- 





- 





- 





- 


ns 


8 


Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


15 


" 


20 


- 


ns 




Write invalid time 


twi 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Write command hole time 
(Dout disable) 


tWCH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 


8 


Data-in hold time fromRAS 


tDHR 


60 


- 


75 


- 


55 


- 


60 


- 


75 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


_ 


ns 




Write command to CS lead time 


tCWL 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




Data-in set-up time 


tDS 





- 





- 





- 





- 





- 


ns 




Data-in hold time 


tDH 


15 


- 


20 


- 


15 


- 


15 


- 


20 


- 


ns 




CS to WE delay 


tCWD 


55 


- 


65 


- 


50 


- 


50 


- 


60 


- 


ns 


8 


RAS to WE delay 


tRWD 


110 


- 


135 


- 


100 


- 


110 


- 


135 


- 


ns 


8 


Colunnp address to WE delay time 


tAWD 


70 


- 


85 


- 


65 


~ 


70 


- 


85 


- 


ns 


8 


RAS to second WE delay 


tRSWD 


95 


- 


115 


- 


80 


- 


95 


- 


115 


- 


ns 




Read command hold time 
reference to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


9 


RAS to CS set-up time 
(CS before RAS) 


tCSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS hold time 
(CS before RAS) 


tCHR 


30 


- 


30 


- 


30 


- 


30 


- 


30 


- 


ns 




CS active delay from RAS 
precharge 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





4 
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AC CHARACTERISTICS (CONT.) 




Parameter 


Symbol 


MSM 
514258A-8A 


MSM 
514258A-1A 


MSM 
514258A-70 


MSM 
514258A-80 


MSM 
514258A-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




CS precharge time 
(Refrech counter test) 


tQPT 


40 


- 


50 


- 


40 


- 


40 


- 


50 




ns 




CS precharge time 


tCPN 


10 


- 


15 


- 


10 


- 


10 


- 


15 


- 


ns 




RAS hold time reference to OE 


tROH 


20 


- 


20 


- 


20 


- 


20 


- 


20 




ns 




Access time from OE 


tOEA 


- 


25 




30 


- 


20 


- 


20 




25 


ns 




OE delay time 


tOED 


20 


- 


25 


- 


20 


- 


20 


- 


25 


- 


ns 




OE to data outkut buffer turn-off 
delay 


tOEZ 





20 





25 





20 





20 





25 


ns 




OE command hold time 


tOEH 


20 


- 


25 


- 


20 


- 


20 




25 




ns 





Notes: 1 An initial paus e of 100 /xs is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns. 

3 V|H (min.) and V|[_ (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and V|[_. 

4 Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5 Operation within the tpcD (max.) limit insures that tpAc (^T^iax.) can be met. tpcD (max.) 
is specified as a reference point only; if tpcD 's greater than the specified tpcD (max.) 
limit, then access time is controlled exclusively by tQAC- 

6 Operation within the tpAp (max.) limit insures that tpAc (max.) can be met. tpAD (max.) 
is specified as a reference point only; if tpAD 's greater than the specified tpAD (max.) 
limit, then access time is controlled exclusively by t^A- 

7 Operation within the t|_wAD (max. I limit insures that tALW (max.) can be met. tLWAD 
(max.) is specified as a reference point only; if t|_wAD 'S greater than the specified 
tLWAD (max.) limit, then access time is controlled exclusively tAA- 

8 ^WCS' ^CWD' ^RWD and t^WD are not a restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only; if t\/vcs — ^WCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwD — ^CWD (min.), tpwD ^ ^RWD (min.) and t^WD — ^AWD (min.) the cycle 
is read/write cycle and the data out will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied the condition of the data out (at access time) is 
indeterminate. 

9 Either tppn o'' ^RCH "^^^t be satisfied for a read cycle. 
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READ CYCLE 



V|L- 



V|H- 



Y 



<CRP 



'ASR 



■y 



DQ1 -DQ4 , 



■■ V|H- 
' V|L-Z 

OH" 



V, 



Vol- 



■Q: 



'ar 



^CRP 



/ 



^AH ^ 



'////// 



m 



'OEA 



:e 



^ 



EM 



Valid data-out 



^ 



01 



E4 
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WRITE CYCLE (EARLY WRITE) 



RAS 



V|L- 



\ 



^CRP 



'MOM I 



^RC 



<CSH 



^RCD 



3ic 



"^: 



^CAH 






'CRP 



%CS 



WE ^IH- 
Vii _ 



2c 



^^=:^r^//////////////// 



^WCH 



'WCR 



::: //////////////77 



DQ1 -DQ4 



'DS : I 'DH 



V|L- 



^ Valid Data-in "> 



EZ3 Don'. 



WRITE (OE CONTROL WRITE) 




1 'rc 


1- 'r^^ »' 'r^ 


RA^ ^IH- ^^^, „____ 'AR_ 


1 ^ 


'CSH 




'^RP 'rcd , 


'RSH ! 1 'CRP 


CS-:-: / ^"^^ — 


'CS _pr 


'aSR I tRAH 


' [ 


- - :r:v///)C -« M '°'"^" -^ 


K/////////////////// 


^ASC ^ 


^CAH 'CWL 

'rwl 


WE ^IH -//////////////// Ai- 


^WK ^ ////////■//////// / 


""' V„ J / / / / 1 / / 1 / 1 / / 1 1 1 iX 


•///////////////// 


i 'OEH 

1 ' '"* — *i 


°-^::r:V//////////'o. " ^///////////////// 


1 'DS ' , tDH , 


- -;:-: > — ^////|f;»o-.... >//////////////// 


Invalid Data-out m rs 

[/ /| Don't care 
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READ/WRITE CYCLE 



RAS 



V|L 



■N. 



^RWC 



<RCD 



<RAD 



'asr 'rah 



WE ^'H" 



- r.J 



n, 



-.r^v 



\ 



'cs 



'CAH 



<RWD 



'OEA 



:s: 



DQ1 ~DQ4 



V|/OL - 



n 



U 



J 



'OED 



'OEZ 



J Valid Data-out 
T= T 



Ua 



-(?: 



:© 



'crp 



/ 



twp 



El 



\] I \ Don't care 



STATIC COLUMN MODE READ CYCLE 



RAS 



r~^% 



■i=-^ 






'AbH ^ ^'HAMi I 'SC \ 'SC ^ 1 

'^-,M^ Row \/ J/f\ Column ^ Column \ 



^^v::S 



/ 



-:! 



r JIIIIHIi 



X 



K 



'aa 



'rac 



DQ1 ~DQ4 



VOH- 

Vol- 



'CLZ 



'OEA 



'CAC 



©: 



s 



'ILL 



\d^' 



'OFF 
'OEZ 



<AOH 



'MZ^ 



'ah 



zzzz 



1ZZZZ 



777». / y//////// 



'OEA tQEZ 



'aa 



Valid Data Valid Data 
-out -out 



'CAC 



'off 



^3^3r> 



K//I Don't care 
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• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



^RASC 



V|H- 




^CAH 



i: 



^RAL 



^RP 



^ 



^yuK^Mmnm 



'\^ %j 



^csc 



^wcs /wi 






^SH 



^CRP 



twcs 



/ 



OE 

v,, 


•iiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


V||_- 


^ ^DHR 


^ 


tDH 1 ^DS 


•.1 ^^^ 


1 ~DQ4 

V.I 


'/////////xfr-,. : 


n . 


viii s!j, VII II inn, 


V|L 






\ \ 1 

\//\ Don't care 



• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 




-- Z '////////tK ^rm7mxnTnk ^.. tii/iiiim 



VT\ Don't care 
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M 



STATIC COLUMN MODE READ/WRITE CYCLE 



RAS 



^RASC 



cs ;;iH ■ 

V|| . 






\ 



<AWD 



^RWD 



>3f 



OE 



:r: A\\\\\\\\\Y C 



DQ1 ~DQ4 



V|/OH" 
V|/OL- 



<RAC 



OEA 
^CAC 



tAA 



^CLZ 




•H*- Valid 
Data-out 



. OEH| . 



^RWL 



i^CRP 



J <CWL 



^ALW 



^DS 




<AA 



^DH. 



Valid 
Data-in 



^OW 



,<PEP 

n 



'OEA 



Valid 
jData 



Dezzzzzzzz 



Valid mrn 

Data-out E^ Don't care 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



RAs y 

Vii - 



V|H- 



WE ^IH- 
Vii . 



..-.. ::\7Z^ r^^:::::r-£7///^-T::zr-j (y /7^-r7:z-^ ^ ^;y/// , 



\ 



UWD 



^C ^ ^WP ^[ .r 



<0W 




Y 



\/j ^ Dara'-out^ VV/ 



RAS ONLY REFRESH CYCLE 





u 


'RC 








r 
. ,1 




<RAS 


r-^"H 




-^ ::r: x 






-J 


I 


j <CRP 

1 






'rpc 






1 

; 1 

^SR , 'ra 

Row 


H 


W///////////////////A 








Notes: WE. OE = Don't care 


[^//l Don't care 
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CS BEFORE RAS AUTO REFRESH CYCLE 



^RP 



RAS 



CS 



V|H- f 



DQ1 ~-DQ4 



<OFF ' 



<CPN 



'RC 



\ 



^RAS 



<CHR 



Note; WE, OE, AO - A8 = Don't care 



^RP 



^5 V 



E« 



HIDDEN REFRESH READ CYCLE 



'CBP 



\ 



r^ 



'RCD _, 'RSH 



AO A8 '^' ' / /XJ Row 1 




'RP 



<RCS 



^:r-i 



'aa 



'rp 



^ 



/" 



:© 



^x 



'RAC 



VOL- 




<OEZ 



Valid Data-out 



^ 



EZ]' 



iiiiiiiiiiniin 



fjnni/ii/L 
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HIDDEN REFRESH WRITE CYCLE 



ViH-77 



V|H- 



DQ1 -DQ4 



Jhl 



%CH 
t\A/P 



%CR 



-( Valid Data-in \- 




m 
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CS BEFORE RAS REFRESH COUNTER TEST 



RAS ^IH- 
V|L- 



cs 



^CSR 



't 



1/' — "^ 



y — \ 



READ CYCLE 



AO A8 



V|l -. 



V7777T, 



/ 



;::2ZZZ 



^^ € 




DQ1 -DQ4 0^'_ 

Vol - 
WRITE CYCLE 



w 



! I, , 'OFF 

; J I 'oEz 



Vahd Data-out 



> 



ASC : tcAH 



AO A8 



:r: W///.//////V//)n^^/7/////7777777 



WE J^'H 



tWCH 



r; v.7//////////7?r^^^^///7//////////// 



1 r 



r '/////////////////////////////'.//////, 



DQ1 -DQ4^ 



READ/WRITE CYCLE 



< 



'dh 



Valid Data-in 



^ 



:;r:ZZ; 



3C 



^RCS I 



WE 



:r //////////////T 



IsSE 



^AWD 



« r-' 



"■ '//////////////TT/xn k 



<OED 



<CLZ 



DQ1 -DQaJ^'^O^ ■ 
V|/OL - 



, -^, I ^OEZ 
<CAC -1 I- 



'ds 



r< 



'/////////- 



<CWL 
'RWL 



\/^ Don't care 



^^q^ 



Valid 
Data in 



Valid Data-out 



N 
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MSM514100 



4,194,304-WORD Xl -BIT DYNAMIC RAM: FAST PAGE MODE TYPE 



GENERAL DESCRIPTION 

TheMSIV1514100isa new generation dynamic RAM organized as 4, 194,304 words by 1 bit. 
The technology used to fabricate the MSI\/1514100 is OKI's CMOS silicon gate process technology. 
The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 




FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 

• 4,194,304 word by 1 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP 

• Family organization 



Family 


Access Time 


Cycle Time 
(MIN) 


Power Dissipation 


(MAX) 


Operating 
(MAX) 


Standby 




tRAC 


^AA 


tCAC 


(MAX) 


MSI\/1514100-8 


80 ns 


40 ns 


20 ns 


160 ns 


495 mW 




MSM514100-8A 


80 ns 


40 ns 


25 ns 


160 ns 


495 mW 


5.5 mW 
(MOS level) 


IVISM514100-10 


100 ns 


50 ns 


25 ns 


190 ns 


440 mW 





Single +5Vsupply, ± 10% tolerance 

Input: TTL compatible 

Output: TTL compatible, tristate, nonlatch 

Refresh: 1 024 cycles/1 6 ms 

Common I/O capability using "Early Write" operation 

CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
Multi bit test mode capability 
Built-in Vbb generator circuit 
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PIN CONFIGURATION (TOP VIEW) 



DjN [I 
WE {T 
RAS[T 
A10[4] 
AO*|T 
A1*[6; 
A2*[T 
A3* [I 
VccH 



avss 

jgPoUT 

liCAS 
13A9* 

igA8* 

I1a7* 
ijAG* 
[i]A5* 
i3A4* 



18PINDIP 



£iN U 
WE U 
RAS[T 
N.C.[4 
AlOU 

AO*|l 
A1*0o 
A2*[li 
A3* El 

ycc E 



o 



ZJlPpuT 
a CAS 

zHn.c. 

22|A9* 

iIas* 

[tJ A7* 
ilA6* 

Has* 

13 A4* 



26PINSOJ 



^ Refresh Address 



A9* [T 
DoutE 
Djjv^ H 
RAS [7 
N.C. [9 
AO* In 
A2* |[3 

Vcc ES 
A5* [i] 
A7* fiq 



4i^ 
O 



3 CAS 

IlVsi 
J] WE 
1] A10 
13 N.C. 
H A1* 
13 A3* 
3 A4* 
3 A6* 
3 A8* 
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Pin Names 


Function 


AOtoAlO 


Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


D,N 


Data Input 


^OUT 


Data Output 


wi 


Write Enable 


Vcc 


Power Supply < + 5V> 


Vss 


Ground <0V> 


N.C. 


No Connection 



m 



FUNCTIONAL BLOCK DIAGRAM 



AO 

I 
A10 



r 



Vcc 

v., 



Column 
Address 
Buffers 



Internal 
Address 
Counter 



Row 
Address 
Buffers 



RAS 




Timing 
Generator 


















CAS 




t 




I . 










? 


1 



Refresh 
Control Clock 



■L\ 



Row 

A ^^- 
t/ cod- 
ers 



D- 



V 



Column 
Decoders 



Sense Amps 



Word 
Driv- 
ers 



i_L 



Memory 
Cells 















On chip Vbb 







Timing 
Generator 



Write 

Clock 

Generator 



I/O 
Selector 



Output 
Buffer 



Input 
Buffer 
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ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Note 


Voltage on any pin 
relative to Vss 


VT 


Ta = 25 °C 


-1.0to + 7.0 


V 




Short circuit output 
current 


los 


Ta = 25°C 


50 


mA 




Power dissipation 


Pd 


Ta = 25 °C 


1 


W 




Operating 
temperature 


Topr 


- 


to +70 


°C 




Storage temperature 


Tstg 


- 


-55 to +150 


X 





RECOMMENDED OPERATING CONDITIONS 

(Ta = to + 70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


2 


Vss 











V 




Input high voltage 


V|H 


2.4 


- 


6.5 


V 


2 


Input low voltage 


V,L 


-1.0 


- 


0.8 


V 


2 



Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

2. All voltages are referenced to Vss- 
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DC CHARACTERISTICS 

(Vcc = 5V±10%,Ta = 0to +70°C) 



Parameter 


Symbol 


Conditi 


ons 


MSM 
514100-8 


MSM 
514100-8A 


MSM 
514100-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


loH= -5.0 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


loL = ^-2 mA 





0.4 





0.4 





0.4 


V 




Input leakage current 


111 


OV^Vh-e.SV; 
all other pins 
not under 
test = V 


-10 


10 


-10 


10 


-10 


10 


liA 




Output leakage 
current 


Ilo 


Dqut = disable 
0V<VO;S5.5 V 


-10 


10 


-10 


10 


-10 


10 


tiA 




Average power 
supply current 
(Operating) 


Icci 


RAS, CAS 
cycling, 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 


ICC2 


RAS = V,H 
CAS = V,H 
DouT = Hz 


TTL 


- 


2 


- 


2 


- 


2 


mA 




(Standby) 


MOS 


- 


1 


- 


1 


- 


1 




Average power 
supply current 
(RA^ only refresh) 


ICC3 


RAS cycling, 
CAS = V,H 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 
(Standby) 


ICC5 


RAS = V,H 
CAS = V,L 
DouT = enable 




5 


- 


5 


- 


5 ^ 


mA 


1 


Average power 
supply current 
(CAS before RAS 
refresh) 


ICC6 


RAS cycling, 
CAS before RAS 


- 


90 


- 


90 


- 


80 


mA 


1 


Average power 
supply current 
(Fast page mode) 


ICC7 


RAS = V|L, 
CAS cycling 
tpc = min 


- 


80 


- 


80 


- 


70 


mA 


1,3 



N 



Notes: 1. Ice is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 

2. Address can be changed once or less while RAS = Vil. 

3. Address can be changed once or less while CAS = Vjh. 

CAPACITANCE 

(Ta = 25Xf=1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A1 0, Dim) 


CjNI 


- 


- 


6 


PF 


Input capacitance 
(RAS, CAS, WE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (Dqut) 


CoUT 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V±10%,Ta = 0to +70°C) 



Note 1,2, 3, 10, 11 



Parameter 


Symbol 


MSM 

514100-8 


MSM 
514100-8A 


MSM 
514100-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random read or write cycle time 


tRC 


160 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


185 


- 


190 


- 


220 


- 


ns 




Fast page mode cycle time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast page mode read/write cycle time 


tpRWC 


80 


- 


80 


- 


95 


- 


ns 




Access time from RAS 


■^RAC 


- 


80 


- 


80 


- 


100 


ns 


4.5 


Access time from CAS 


tCAC 




20 


- 


25 


- 


25 


ns 


4.5 


Access time from column address 


tAA 




40 


- 


40 


- 


50 


ns 


4.6 


Access time from CAS precharge 


kPA 


- 


45 


- 


45 


- 


55 


ns 


4 


Output low impedance time from CAS 


tCLZ 





- 





- 





- 


ns 


4 


Output buffer turn-off delay time 


^OFF 





20 





20 





25 


ns 


7 


Transition time 


tT 


3 


50 


3 


50 


3 


50 


ns 


3 


Refresh period 


tREF 


- 


16 


- 


16 


- 


16 


ms 




RAS precharge time 


tRP 


70 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10,000 


80 


10,000 


100 


10,000 


ns 




RAS pulse width (Fast page mode) 


tRASP 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




RAS hold time 


tRSH 


20 


- 


25 


- 


25 


- 


ns 




CAS precharge time 


tCP 


10 


- 


10 


- 


10 


- 


ns 




CAS pulse width 


tCAS 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




CAS hold time 


kSH 


80 


- 


80 


- 


100 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


60 


25 


55 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


17 


40 


20 


40 


20 


50 


ns 


6 


Row address set-up time 


tASR 





- 





- 





- 


ns 




Row address hold time 


"tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address set-up time 


Use 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


40 


- 


50 


- 


ns 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSM 

514100-8 


MSM 
514100-8A 


MSM 
514100-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Read command set-uptime 


tRCS 










- 





- 


ns 




Read command hold time 


tRCH 





- 





- 





- 


ns 


8 


Read command hold time reference to 
RA$ 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


8 


Write command set-up time 


twcs 





- 





- 





- 


ns 


9 


Write command hold time 


twCH 


15 


- 


15 


"■ 


20 


- 


ns 




Write command hold time from RAS 


twCR 


60 


- 


60 


- 


75 




ns 




Write command pulse width 


twp 


15 


- 


15 


- 


20 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


25 


- 


ns 




Write command to CAS lead time 


tcWL 


20 


- 


25 


- 


25 


- 


ns 




Data-inset-uptime 


tDS 





- 





- 





- 


ns 




Data-in hold time 


^DH 


15 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


^DHR 


60 


- 


60 


- 


75 


- 


ns 




CAS to WE delay time 


tcWD 


20 


- 


25 


- 


25 


- 


ns 


9 


Column address to WE delay time 


tAWD 


40 


- 


40 


- 


50 


- 


ns 


9 


RAS to WE delay time 


tRWD 


80 


- 


80 


- 


100 


- 


ns 


9 


CAS active delay time from RAS 
precharge 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS set-up time (CAS before 
RAS) 


kSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time (CAS before RAS) 


tCHR 


20 


- 


20 


- 


20 


- 


ns 




CAS precharge time (Refresh counter 
test) 


tCPT 


40 


- 


40 


- 


50 


- 


ns 




WE to RAS precharge time (CAS before 
RAS) 


twRP 


10 


- 


10 


- 


10 


- 


ns 




WE hold time from RAS (CAS before 
RAS) 


twRH 


20 


- 


20 


- 


20 


- 


ns 




RAS to WE set-up time (Test mode) 


twSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to WE hold time (Test mode) 


twHR 


20 


- 


20 


- 


20 


- 


ns 
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Notes: 1. An initial pause of 200 iis is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 

2. The AC characteristics assume tj = 5 ns. 

3. V|H (min.) and Vil (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between V|h and V|l. 

4. Measured with a load circuit equivalent to 2TTL loads and 1 0OpF. 

5. Operation within the tpcD (max.) limit insures that tRAC (max.) can be met. tpcD 
(max.) is specified as a reference point only; if tpco 's greater than the specified 
tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

6. Operation within the tpAD (max.) limit insures that tRAc (max.) can be met. tRAo 
(max.) is specified as a reference point only; if tRAo 's greater than the specified 
tRAD (max.) limit, then access time is controlled exclusively by tAA- 

7. toFF (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

8. Either tRRH or tRCH must be satisfied for a read cycle. 

9- twcsi "tcwD/ tRWD 3nd tAWD 3re not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if twcs^^wcs (min.) 
the cycle is an early write cycle and the data out will remain open circuit (high 
impedance) throughout the entire cycle; if tcwD = "tcwD (min.), tRwo^'tRWD 
(min.) and tAWD^^AWD (min.), the cycle is read/write cycle and data out will 
contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

1 0. The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal, 

the data output pin will indicate a high level. If any internal bits are not equal, 

then data output pin will indicate a low level. 

The test mode is cleared and the memory device returned to its normal 

operational state by performing a RAS only refresh cycle or a CAS before RAS 

refresh cycle. 

11. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 



VlH - 



VlH -; 



DOUT 



VOH- 
VOL-* 



.tCRP. 



-^ 



tRC 



tRAS 



kSH 



tRCD 



imi 



tAR 



v:^; 



tA|C 



tRSH 



t^ 




tRP 



to- 



tRAC 



tCAC 



, tCLZ , 



WRITE CYCLE (EARLY WRITE) 




m 



— v,H - 

V|L — 



V|H - 



V|H -^ 



UlN V,L 



DOUT 



VOH- 
VOL- 



J-CRP^ 



l^^ 



ir-W" 



tRC 



tRCD 



tRAD 



-^ 



Use 



tRSH 



tCAS 



ICAH 



tOHR 



t 



\ 
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READ/WRTIE CYCLE 



V|L - 



V|H 



V|H 
V|L 



-f 



iASR 



tRWC 



tRAS 



tRCD 



kSH 



R;, 



tRAD 
tRAH 



WE 



tASC 



^RSH 



tCAS 



tRWL 



tcWL 



tRAL 



UWD^ 



tCRP 



\ 




FAST PAGE MODE READ CYCLE 



V|H 



V|L -■ 



A0-A10 '" 



DouT ^O" . 
Vol- 



y 



kR( 



USR 



tRASP 



kSH 



^RCD 



'^J/' 



Ur 



tRAH tASC 



tRAD 



-^ 



^tCA^ 



Column 



tRCS 



tASC 




^RAC 



ta^ 



tRTH 



<i^ 



tpc 



-Ml 



tCPA 



Valid 
Data 



tOFF 



tc^z 



tRCH 



tRCS 



tCAC^ 



tRSH 



K ^dzz:^' 



tRAL 



tCAH 



V_ 



tRCS 



tAA 



tCP/ 



Valid 
.Data 



tOFF 



to^ 



u 



Valid 
.Data 



tOFF 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



USR 



Din 



DouT 



V|H 
V|L 

V,H 

v,H - ; 
ViL -': 

VOH- 
VOL- 



^RCD 



^RAH Use 



^CAS 

«< *■ 



tc>^H 



Use 



tpc 



^ 



M 



;cp 



kAH, 



Use 



^ 



tRSH 



rzz:^ 



, tRP ^ 



kRP 



V 



twCR 



t^ 



^ 



^^WCH^ 



i^yygs 



^ 



tpHR 



ia^ 



^two^ 



twcs 



%p , 



^t- 



^ 



(ig^ 




E^ 



i^ 



FAST PAGE MODE READ/WRITE CYCLE 



V|L - 



VlH 



V|L 



tRASP 



tRCD 



WE V,L - 



tCAS 



U^ 



DOUT 



VOH- 
V0L_ 



tCAS 



H^ 



VlH - ^ 

Din V|l _ ^^^' 



tRSH 



^CAS 



kRP 



V 




Valid Data 



N'or'^" 
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RAS ONLY REFRESH CYCLE 



V|H - 



Dqut 



V|H 



V|H -i 



VOH-. 

Vol - 



\ 



tcRP 



USR tRAH 



tRC 



tRAS 



^RPC , 



NOTE: WE,A10 = "H"or"L" 



"H" or "L" 



CAS BEFORE RAS AUTO REFRESH CYCLE 



V|H 



V.H 



DoUT ^^^ " 



tRPC 



. ^CP^ 



trsR 



twRP 



tOFF 



tcHR 



tRPC 



V_ 



NOTE: A0-A10 = "H''or"L'' 
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HIDDEN REFRESH READ CYCLE 



VlH 



VOL- 



tcRP 



USR 



tRC 



^RAS 



^RCD 



tRAD 



■tRSH 



tRAS 



tCHR 



Joi 



^RRH twRP 



twRH 



tOFFj 




EH 



HIDDEN REFRESH WRITE CYCLE 



ViL - 



DoUT 



VOH-. 
VOL- 



rtAsg^ 



tRC 



tRAS 



tRAD 



^tRA^ 



\ 



^AR 



, tRSH 



tRAS 



1ml >. 



^ kAH ^ 




ios 



twCR 



iRWL_ 



tyvCH 



%P 



W 



^DH 



Valid Data 



tpHR 



kHR 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



tRAS 



A0-A10 



READ CYCLE 

VOH- 




DOUT 



Vol 



twRP 



WRITE CYCLE 

VoH- 



DOUT 



Vn 



tWRP 



WE 



OPEN 



twRH 



OPEN 



tWRH 



^: 



READ/WRITE CYCLE 
VoH- 



DouT 



Vol 



twRP 



tRSH 



tRP 
^ < > ■ 



tCAS 



.r-'s^ / 



tCAH 



Column 



tRCS 



twcs 



tDS, 



tCAC 



tRAL 



tAA 



tcLZ 
■< — >• 



toFF 



Valid Data 



> 



tRRH 

< >■ 



tRWL 



tcWL 



twCH 



twP 



toH 



Valid Data 



twRH 



tCLZ 

■< — >- 



tRCH 



tCAC 



■^AA 



^OFF 



Valid Data 



tcwL 



UWD 



^^RWL ^ 



> 
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TEST MODE INITIATE CYCLE 



iMSM514100i 



tRC 



tRP 



DoUT yOH- 
VOL — 



,kSR 



tRAS 



kHR 



^W^ 



^WHR 



NOTE: A0-A10, D,N = "H"or"L'' 
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MSM514102 



4,194,304-WORD x1 -BIT DYNAMIC RAM: 

STATIC COLUMN MODE TYPE 




GENERAL DESCRIPTION 

The MSI\/1514102 is a new generation dynamic RAM organized as4,194,304 words by 1 bit. 
The technology used to fabricate the MSIV1514102 is OKI's CMOS silicon gate process technology. 
The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 



FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell 

• 4, 1 94,304 word by 1 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP 

• Family organization 



Family 


Access Time 


Cycle Time 
(MIN) 


Power Dissipation 


(MAX) 


Operating 
(MAX) 


Standby 




tRAC 


tAA 


tCAC 


(MAX) 


MSM514102-8 


80 ns 


40 ns 


20 ns 


160 ns 


495 mW 




MSM514102-8A 


80 ns 


40 ns 


25 ns 


160 ns 


495 mW 


5.5 mW 
(MOS level) 


MSM514102-10 


100 ns 


50 ns 


25 ns 


190 ns 


440 mW 





Single +5Vsupply, ± 10% tolerance 

Input: TTL compatible 

Output: TTL compatible, tristate, nonlatch 

Refresh: 1 024 cycles/1 6 ms 

Common I/O capability using "Early Write" operation 

CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 
Multi bit test mode capability 
Built-in Vbb generator circuit 
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PIN CONFIGURATION (TOP VIEW) 



DjN [I 
WE U 
RAS[T 
A10|T 
AO*[T 
A1*[6; 
A2*|T 
A3*|T 
VccE 



o 
rsj 



avss 

i3£0UT 

lies 

ijA9* 
ijA8* 
gA7* 
ilA6* 
01A5* 



18PINDIP 



£lN [I 
WE [T 
RAS[T 
N.C.[T 
AlOfT 

A0*[1 
A1*[lO 

A2*0 
A3* [12 
Vrr O 



25ID0UT 

23 CS 

23) NC. 
22) A9* 

Has* 

it] A7* 

Hag* 
Has* 
3a4* 



26PINSOJ 



^ Refresh Address 



A9* [T 
DoutE 

D^ [I 

RAS [T 

N.C. [| 

AO* |n 

A2* O 

Vcc E] 

A5* [1] 

A7* ^ 



HcT 

HVsi 
H WE 
U A10 
i3 N.C. 

12 A1* 

13 A3* 
ll A4* 
H A6* 
3 A8* 
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Pin Names 


Function 


AOtoAlO 


Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select Input 


D|N 


Data Input 


DouT 


Data Output 


WE 


Write Enable 


Vcc 


Power Supply < + 5V> 


Vss 


Ground <0V> 


N.C. 


No Connection 



m 



FUNCTIONAL BLOCK DIAGRAM 



A10 



Vcc 

v., 



RAS 






Timing 












Generator 








TT 




y 






[ . 












? 


"1 



H> 



Column 
Address 
Buffers 



Internal 
Address 
Counter 



Refresh 
Control Clock 



Row 
Address 
Buffers 



"l-N 



Row 
De- 
cod- 
ers 



Timing 
Generator 



Column 
Decoders 



Write 

Clock 

Generator 



Sense Amps 



I/O 
Selector 



Word 
Driv- 
ers 



J_t 



Memory 
Cells 



Output 
Buffer 



Input 
Buffer 









Onchip Vbb 
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ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Note 


Voltage on any pin 
relative to Vss 


VT 


Ta = 25 °C 


-1.0 to + 7.0 


V 




Short circuit output 
current 


los 


Ta = 25 X 


50 


mA 




Power dissipation 


Pd 


Ta = 25 X 


1 


W 




Operating 
temperature 


Topr 


- 


to +70 


"C 




Storage temperature 


Tstg 


- 


-55 to +150 


X 





RECOMMENDED OPERATING CONDITIONS 

(Ta = to + 70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


2 


Vss 











V 




Input high voltage 


V|H 


2.4 


- 


6.5 


V 


2 


Input low voltage 


V|L 


-1.0 


- 


0.8 


V 


2 



Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 

(Vcc = 5V±10%,Ta=0to +70°C) 



Parameter 


Symbol 


Conditi 


ons 


MSM 
514102-8 


MSM 
514102-8A 


MSM 
514102-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


loH= -5.0 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


loL = 4.2 mA 





0.4 





0.4 





0.4 


V 




Input leakage current 


lu 


V^ VI<6.5V; 
allother pins 
not under 

tGSt = OV 


-10 


10 


- 10 


10 


-10 


10 


IxA 




Output leakage 
current 


Ilo 


Dquj = disable 
V< VO<5.5 V 


-10 


10 


-10 


10 


-10 


10 


IxA 




Average power 
supply current 
(Operating) 


Icci 


RAS, CS 
cycling, 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 


ICC2 


RAS = V,H 
CS=V,H 
DouT = Hz 


TTL 


- 


2 


- 


2 


- 


2 


mA 




(Standby) 


MOS 


- 


1 


- 


1 


- 


1 


mA 




Average power 
supply current 
(RAS only refresh) 


ICC3 


RAS cycling, 
CS = V,H 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 
(Standby) 


Ices 


RAS = V,H 
CS=V,L 
DouT = enable 


- 


5 


- 


5 


- 


5 


mA 


1 


Average power 
supply current 
(ts before RAS 
refresh) 


ICC6 


RAS cycling, 
CS before RAS 


- 


90 




90 


- 


80 


mA 


1 


Average power 
supply current 
(Static column mode) 


ICC9 


RAS = V|L 
CS = V,L 
tc,Q = min 


- 


80 


- 


80 


- 


70 


mA 


1 



m 



Notes: 1. Ice 'S dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 

2. Address can be changed once or less while RAS = Vil. 

CAPACITANCE 

(Ta = 25Xf=1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A1 0, D|n) 


C|N1 


- 


- 


6 


PF 


Input capacitance 
(RAS, CS,WE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (Dqut) 


^OUT 




- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V±10%,Ta = 0to +70°C) 



Note 1,2, 3, 11, 12 



Parameter 


Symbol 


MSM 

514102-8 


MSM 
514102-8A 


MSM 
514102-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random read or write cycle time 


tRC 


160 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


^RWC 


185 


- 


190 


- 


220 


- 


ns 




Static column mode cycle time 


tsc 


45 


- 


45 


- 


55 


- 


ns 




Static column mode read/write cycle time 


tSRWC 


70 


- 


70 


- 


80 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CS 


tCAC 


- 


20 


- 


25 


- 


25 


ns 


4.5 


Access time from column address 


"^AA 


- 


40 


- 


40 


- 


50 


ns 


4.6,7 


Access time from last write 


Ulw 


- 


75 


- 


75 


- 


95 


ns 


4,7 


Data output enable time reference to WE 


tow 


- 


20 


- 


25 


- 


25 


ns 




Output low impedance time from CS 


tCLZ 





- 





- 





- 


ns 


4 


Data output hold time reference to 
column address 


UOH 


5 


- 


5 


- 


5 


- 


ns 




Data output hold time reference to WE 


twOH 





- 





- 





- 


ns 




Output buffer turn-off delay time 


toFF 





20 





20 





25 


ns 


8 


Transition time 


tT 


3 


50 


3 


50 


3 


50 


ns 


3 


Refresh period 


tREF 


- 


16 


- 


16 


- 


16 


ms 




RAS prechargetime 


tRP 


70 


- 


70 


- 


80 




ns 




RAS pulse width 


tRAS 


80 


10,000 


80 


10,000 


100 


10,000 


ns 




RAS pulse width (Static column mode) 


tRASC 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




RAS hold time 


^RSH 


20 


- 


25 


- 


25 


- 


ns 




CS prechargetime 


tCP 


10 


- 


10 


- 


10 


- 


ns 




CS pulse width 


tcs 


20 


100,000 


25 


100,000 


25 


100,000 


ns 




CS hold time 


kSH 


80 


- 


80 


- 


100 


- 


ns 




CS to RAS prechargetime 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS delay time 


tRCD 


22 


60 


25 


55 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


17 


40 


20 


40 


20 


50 


ns 


6 


Row address set-up time 


tASR 





- 





- 





- 


ns 




Row address hold time 


^RAH 


12 


- 


15 


- 


15 


- 


ns 




Column address set-up time 


Use 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


15 


- 


20 


- 


ns 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSM 
514102-8 


MSM 
514102-8A 


MSM 
514102-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Column address hold time reference to 
RAS (WRITE CYCLE) 


^AWR 


60 


- 


60 


- 


75 


- 


ns 




Column address hold time reference to 
RAS 


tAR 


95 


- 


95 


- 


115 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


40 


- 


50 


- 


ns 




Column address hold time reference to 
RAS precharge 


tAH 


10 


- 


10 


- 


10 


- 


ns 




Column address hold time reference to 
WE 


Uhlw 


75 


- 


75 


- 


95 


- 


ns 




Last write to column address delay time 


tLWAD 


20 


35 


20 


35 


25 


45 


ns 


7 


Read command set-up time 


tRCS 





- 





- 





- 


ns 




Read command hold time reference to CS 


tRCH 





- 





- 





- 


ns 


9 


Read command hold time reference to 
RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


9 


Write command set-up time 


twcs 





- 





- 





- 


ns 


10 


Write command pulse width 


twp 


15 


- 


15 


- 


20 


- 


ns 




Write command hold time from RAS 


twCR 


60 


- 


60 


- 


75 


- 


ns 




Write invalid time 


twi 


10 


- 


10 


- 


10 


- 


ns 




Write command hold time (Doutdisable) 


twH 





- 





- 





- 


ns 


10 


Write command to CS lead time 


kwL 


20 


- 


25 


- 


25 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


25 


- 


ns 




CS to WE delay time 


kwD 


20 


- 


25 


- 


25 


- 


ns 


10 


Column address to WE delay time 


^AWD 


40 


- 


40 


- 


50 


- 


ns 


10 


RAS to WE delay time 


tRWD 


80 


- 


80 


- 


100 


- 


ns 


10 


Data-inset-uptime 


tDS 





- 





- 





- 


ns 




Data-in hold time 


toH 


15 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


tDHR 


60 


- 


60 


- 


75 


- 


ns 




CS active delay time from RAS precharge 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS set-up time (CS before RAS) 


kSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS hold time (CS before RAS) 


tCHR 


20 


- 


20 


- 


20 


- 


ns 




CS precharge time (Refresh counter test) 


kPT 


40 


- 


40 


- 


50 


- 


ns 




WE to RAS precharge time (CS before 
RAS) 


twRP 


10 


- 


10 


- 


10 


- 


ns 




WE hold time from RAS (CS before RAS) 


twRH 


20 


- 


20 


- 


20 


- 


ns 




RAS to WE set-up time (Test mode) 


twSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to WE hold time (Test mode) 


%HR 


20 


- 


20 


- 


20 


- 


ns 





m 
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Notes: 1. An initial pause of 200 jis is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CS before RAS 
initialization cycles is required. 

2. The AC characteristics assume tj = 5 ns. 

3. V|H (min.) and V|l (max.) are reference levels for measuring of input signals. 
Also, transition times are measured between Vih and V|l. 

4. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

5. Operation within the tpco (max.) limit insures that tRAc (max.) can be met. X^qd 
(max.) is specified as a reference point only; if tRCD is greater than the specified 
tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

6. Operation within the tRAo (max.) limit insures that tRAc (max.) can be met. tRAD 
(max.) is specified as a reference point only; if tRAD 'S greater than the specified 
tRAD (max.) limit, then access time is controlled exclusively by tAA- 

7. Operation within the t|_wAD (max.) limit insures that tAiw (max.) can be met. 
tiWAD (max.) is specified as a reference point only; if tLWAD 's greater than the 
specified tLWAD (max.) limit, then access time is controlled exclusively by tAA- 

8. toFF (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 

10- twcS' "twH; kwD, tRWD and tAWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only; if twcs = twcs 
(min.) and twH = twH (min.), the cycle is an early write cycle and the data out will 
remain open circuit (high impedance) throughout the entire cycle; if 
tcwD = tcwD (min.), tRWD = tRWD (min.) and tAWD = tAWD (min.), the cycle is 
read/write cycle and data out will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

1 1 . The test mode is initiated by performing a WE and CS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 
The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal, 
the data output pin will indicate a high level. If any internal bits are not equal, 
then data output pin will indicate a low level. 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CS before RAS 
refresh cycle. 

12. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 



kRP 



« ^: 



A0-A10 vV^ 



^. 



/ 



^--M 



\i 



ks 



^RAL 



^AC 



^OUT Vn 



■OPEN 




^OFF 



Valid Data 



"H" or"L" 



4 



WRITE CYCLE (EARLY WRITE) 



RAS v'" " 

V|| — 



CS 



A0-A10 



V,H - T/ 






^OUT Vn 



^: 



^CRP 

< > 



USR 



;^ 



kSH 



^RCD 



\-^ 



Column 



^ASC^ 



_JWCR 



■ ^AH > 



^' 



^CRP 



.OPEN . 




"H"or"L" 
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READ/WRITE CYCLE 



A0-A10 



^RWC 







-'OUT V, 



m- 



STATIC COLUMN MODE READ CYCLE 



RAS 



^^ v„ - 



>. 



USR 



A0-A10 



V,H - 



/' 



^RCD 



VZ 



Column 



V.H - TZ 



,^1RCS^ 



DOUT ^OH 



^CL7 



^AR . 



Column ^ 



kSH 



^ 



(MS^S> 



^RCH 



m 



^"st^- 



^RSH 



kRP 



Column 



^AA ■ 



kAC 



^ AH 







"H"or"L" 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



V|L 



V,H -1 



V|H 

WE 



DouT 



VOH-. 
VOL- 



tASR 



tRASC 



r=- 



tRCD 



tCAH 



\. 




tASC-> 



7s 



tDS-> 



kAH 



^CWL 



tRSH 



tcRP 




"H"or"L'' 



N 



STATIC COLUMN MODE READ/WRITE CYCLE 



R^S 



^^ 



USR 



A0-A10 



V.H-^ 



i-> 



a^ 



I k V.VVL> 

< > ^ 



^AW^, 



Column 



< "■•"> 



^ 



/ 



Column 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



RAS Vm 



CS 



WE :'H 



> 



Column 



Use 



Column 



UWD 



\WAD 



\^^f^ 



Column 




"H" or"L" 



RAS ONLY REFRESH CYCLE 



RAS 



CS 



A0-A9 



^OUT Vn, - 



"-M 



kRP 



TT 



^C 



r 



JBPi 



Row 



■ OPEN 



NOTE:WE,A10 = "H"or"L" 



X 



"H"or"L" 
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CS BEFORE RAS AUTO REFRESH CYCLE 



RAS 



CS 



WE 



/' 



/'"X 



\ 



i^' 



kHR 



Vim - ^ 



^RPC 



^WRP 



' OPEN 



NOTE:A0 - A10 = "H"or"L" 



"H" or"L" 



HIDDEN REFRESH READ CYCLE 



RAS 



V|H - 

CS v" 



^^ 



4> 



^ASI 



tRC 



^RAS 



Sk^^>5 



^RCD 



^RAH ^^ 



■Row 



W. 



^RC^ 



WE ^IH ~ ^ 
V„ - 



<->' 



Column 



/' 



^RRH 



^OUT Vn, - 



tCLZ 



^WRP I 

->--k- ^ %RH ^ 

'^^^ 



Valid Data 



"H" or"L" 
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HIDDEN REFRESH WRITE CYCLE 



RAS 



CS 



^^ 



kRP 



USR 



A0-A10 



^RAS 



_2rcd_ 



}rah 

tASC 



\ 



■Row 



^^^lolumn 



— >■ 



WE v„ - 



in 




^SH 



,^^^% 



I^AH 



^RC 



kHR 



,^ 



.^ 



%RH 



^^DH^ 



Valid Data 



^DHR 



^OUT Vn, - 



■ OPEN 




^CRP 



"H"or"L" 



TEST MODE INITIATE CYCLE 



RAS 



CS 



WE 






^RPC 



V|H 



V.H- ^ 



-'OUT Vol- 



/^~% 



\ 



^RAS 



'™Wk 



fe 



%HR 



■OPEN - 



NOTE:A0-A10,D,N = "H"or"L" 



J^ 




"H"or"L" 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CS 



AO-AIO 



V|H -■ 
V|L ■ 

V|H -^ 



tcSR 



^. 



tRAS 



tCHR 



tcPT 



.'♦"^; 



READ CYCLE 

VOH- 




READ/WRITE CYCLE 

ViH —m 

AO-AIO ,, ^^' 



Dqut 



V|H - 

V,. — " 



^:-p 



V|H -^ 



^RCS 



^RSH 



:^"v 



tcs 



tRP 



tCRP 



Column 



jtRAL 



tAA 



.tCAC 



lOFF 



tAH 



kAH, 



Column 



tAA 



tCAC 



tCLZ 



tAWD^ 



Valid Data 




tcwL 



tRWL 



toFF 



.^ 



N 




"H"or"L" 
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1,048.576-WORD x 4-BIT DYNAMIC RAM: FAST PAGE MODE TYPE 



GENERAL DESCRIPTION 

The I\/1SM514400 is a new generation dynamic RAM organized as 1,048,576 words by 4 bits. 
The technology used to fabricate the MSM514400 is OKI's CMOS silicon gate process technology. 
The device operates at a single +5 V power supply. Its I/O pins are TTL compatible. 



FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 

• 1 ,048,576 word by 4 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 

• Family organization 



Family 




Access Time 




Cycle 
Time 
(MIN) 


Power Dissipation 


(MAX) 


Operating 
(MAX) 


Standby 




tRAC 


tAA 


tCAC 


tOEA 


(MAX) 


MSM 5 14400-8 


80 ns 


40 ns 


20 ns 


20 ns 


160 ns 


495 mW 




MSM514400-8A 


80 ns 


40 ns 


25 ns 


25 ns 


160 ns 


495 mW 


5.5 mW 
(MOS level) 


MSM514400-10 


100 ns 


50 ns 


25 ns 


25 ns 


190 ns 


440 mW 





Single + 5 V supply, ± 10% tolerance 

Input: TTL compatible 

Output: TTL compatible, tristate, nonlatch 

Refresh: 1 024 cycles/1 6 ms 

CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 

Multi bittest mode capability 
Built-in Vbb generator circuit 
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PIN CONFIGURATION (TOP VIEW) 




A,.g s 

A2*0 



O 



2llDQ4 
23DQ3 
a CAS 
22] OE 

ilAS* 
i7|A7* 

Hag* 
Has* 

i3A4* 



20 PIN DIP 



^ Refresh Address 



26PINSOJ 



OE U 
DQ3|T 

Vss E 
DQ2[T 
RAS [9 
AO* [n 
A2* IT] 
Vcc 
A5* 
A7* 



E 



^ 
^ 



3 CAS 
51 DQ4 
g DQ1 
S WE 
3 A9* 
in A1* 
3 A3* 
iS A4* 

Hag* 

3 A8* 



20 PIN ZIP 



Pin Names 


Function 


AO to A9 


Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DQ1 toDQ4 


Data In/Data Out 


oi 


Output Enable 


"wi 


Write Enable 


Vcc 


Power Supply < +5V> 


Vss 


Ground <0V> 



N 



FUNCTIONAL BLOCK DIAGRAM 



AO 

I 
A9 



r 



Vcc 
V.s 



RAS 



Timing 
Generator 



CAS 



H) 



Column 
Address 
Buffers 



Internal 
Address 
Counter 



A 
V 



Column 
Decoders 



Refresh 
Control Clock 



Sense Amps 



Row 
Address 
Buffers 






Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



f t 



Memory 
Cells 















On chip Vbb 







Timing 
Generator 



Write 

Clock 

Generator 



■WE 



I/O 
Selector 



IZ 



OE 



Output 
Buffers 



Input 
Buffers 



DQ1 
- I 
DQ4 
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ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Note 


Voltage on any pin 
relative to Vss 


VT 


Ta = 25°C 


-1.0to + 7.0 


V 




Short circuit output 
current 


los 


Ta = 25 °C 


50 


mA 




Power dissipation 


Pd 


Ta = 25 °C 


1 


W 




Operating 
temperature 


Topr 


- 


to +70 


K 




Storage temperature 


Tstg 


- 


-55 to +150 


X 





RECOMMENDED OPERATING CONDITIONS 

(Ta = to + 70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


2 


Vss 











V 




Input high voltage 


VlH 


2.4 


- 


6.5 


V 


2 


Input low voltage 


V,L 


-1.0 


- 


0.8 


V 


2 



Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

2. All voltages are referenced to Vss- 



250 



iMSM514400i 



DC CHARACTERISTICS 

(Vcc = 5V±10%,Ta = 0to +70°C) 



Parameter 


Symbol 


Conditi 


ons 


MSM 
514400-8 


MSM 
514400-8A 


MSM 
514400-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VOH 


loH= -5.0 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


loL = 4.2 mA 





0.4 





0.4 





0.4 


V 




Input leakage current 


lu 


0V< VI<6.5V; 
allother pins 
not under 
test = OV 


-10 


10 


- 10 


10 


-10 


10 


pA 




Output leakage 
current 


Ilo 


DQi = disable 
0V<^VO<:5.5 V 


-10 


10 


-10 


10 


- 10 


10 


pA 




Average power 
supply current 
(Operating) 


Icci 


RAS, CAS 
cycling, 
tR(; = niin 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 


ICC2 


RAS = V,H 
CAS =V,H 
DQi = Hz 


TTL 


- 


2 


- 


2 


- 


2 


mA 




(Standby) 


MOS 


- 


1 


- 


1 


- 


1 


mA 




Average power 
supply current 
(RAS only refresh) 


ICC3 


RAS cycling, 
CAS = V,H 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 
(Standby) 


Ices 


RAS = V,H 
CAS=V,L 
DQj = enable 


- 


5 


- 


5 


- 


5 


mA 


1 


Average power 
sypply current 
(CAS before RAS 
refresh) 


'CC6 


RAS cycling, 
CAS before RAS 


- 


90 


- 


90 


- 


80 


mA 


1 


Average power 
supply current 
(Fast page mode) 


ICC7 


RAS = V|, , 
CAS cycling 
tpc = min 


- 


80 


- 


80 


- 


70 


mA 


1,3 



N 



Notes: 1. Icc'sdependentonoutput loading and cycle rates. Specified values are obtained 
with the output open. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vih- 

CAPACITANCE 

(Ta = 25Xf=1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A9) 


C|N1 


- 


- 


6 


pF 


Input capacitance 
(RAS, CAS, WE, OE) 


Qn2 


- 


- 


7 


PF 


Output capacitance (DQ1 to DQ4) 


C|/0 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V±10%,Ta=0to +70°C) 



Note 1,2,3, 10, 11 



Parameter 


Symbol 


MSM 
514400-8 


MSM 
514400-8A 


MSM 
514400-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random read or write cycle time 


tRC 


160 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


215 


- 


220 


- 


255 


- 


ns 




Fast page mode cycle time 


tpc 


55 


- 


55 


- 


65 


- 


ns 




Fast page mode read/write cycle time 


tpRWC 


110 


- 


110 


- 


130 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


80 


- 


100 


ns 


4,5 


Access time from CAS 


tCAC 


- 


20 


- 


25 


- 


25 


ns 


4.5 


Access time from column address 


tAA 


- 


40 


- 


40 


- 


50 


ns 


4.6 


Access time from OE 


toEA 


- 


20 


- 


25 


- 


25 


ns 




Access time from CAS precharge 


"tCPA 


- 


45 


- 


45 


- 


55 


ns 


4 


Output low impedance time from CAS 


tCLZ 





- 





- 





- 


ns 




Output buffer turn-off delay ti me 


toFF 





20 





20 





25 


ns 


7 


OE to data output buffer turn-off delay 
time 


tOEZ 





20 





20 





25 


ns 


7 


Transition time 


tT 


3 


50 


3 


50 


3 


50 


ns 


3 


Refresh period 


tREF 


- 


16 


- 


16 


- 


16 


ms 




RAS precharge time 


tRP 


70 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10,000 


80 


10,000 


100 


10,000 


ns 




RAS pulse width (Fast page mode) 


■'^RASP 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




RAS hold time 


tRSH 


20 




25 




25 




ns 




RAS hold time reference to OE 


tROH 


20 


- 


25 


- 


25 


- 


ns 




CAS precharge time 


tcp 


10 


- 


10 


~ 


10 




ns 




CAS pulse width 


tCAS 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




CAS hold time 


kSH 


80 


- 


80 


- 


100 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


60 


25 


55 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


17 


40 


20 


40 


20 


50 


ns 


6 


Row address set-up time 


tASR 





- 





- 





- 


ns 




Row address hold time 


"tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address set-up time 


tASC 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


^RAL 


40 


- 


40 


- 


50 


- 


ns 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSM 
514400-8 


MSM 
514400-8A 


MSM 
514400-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Read command set-up time 


tRCS 





- 





- 





- 


ns 




Read command hold time 


^RCH 





- 





- 





- 


ns 


8 


Read command hold time reference to 
RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


8 


Write command set-up time 


twcs 





- 





- 





- 


ns 


9 


Write command hold time 


%CH 


15 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


15 


- 


20 


- 


ns 




Write command hold time from RAS 


twCR 


60 


- 


60 


- 


75 


- 


ns 




OE"command hold time 


tOEH 


20 


- 


25 


- 


25 


- 


ns 




Write command to CAS lead time 


tcWL 


20 


- 


25 


- 


25 


- 


ns 




Write command to RAS lead time 


tRWL 


20 


- 


25 


- 


25 


- 


ns 




Data-in set-uptime 


tDS 





- 





- 





- 


ns 




Data-in hold time 


tDH 


15 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


toHR 


60 


- 


60 


- 


75 


- 


ns 




OE to Data-in delay time 


tOED 


20 


- 


20 


- 


25 


- 


ns 




CAS to WE delay time 


tcWD 


50 


- 


55 


- 


60 


- 


ns 


9 


Column address to WE delay time 


^AWD 


70 


- 


70 


- 


85 


- 


ns 




RAS to WE delay time 


tRWD 


110 


- 


110 


- 


135 


- 


ns 


9 


CAS active delay time from RAS 
precharge 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS set-up time (CAS before RAS) 


kSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time (CAS before RAS) 


tCHR 


20 


- 


20 


- 


20 


- 


ns 




CAS precharge time (Refresh counter 
test) 


kPT 


40 


- 


40 


- 


50 


- 


ns 




WE to RAS precharge time (CAS before 
RAS) 


twRP 


10 


- 


10 


- 


10 


- 


ns 




WE hold time from RAS (CAS before RAS) 


twRH 


20 


- 


20 


- 


20 


- 


ns 




RAS to WE set-up time (Test mode) 


twSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to WE hold time (Test mode) 


twHR 


20 


- 


20 


- 


20 


- 


ns 





E« 
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Notes: 1. An Initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 

2. The AC characteristics assume tj = 5 ns. 

3. V|H (min.) and V|l (max.) are reference levels for measuring of input signals. 
Also, transition times are measured between V|h and Vil- 

4. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

5. Operation within the tpcD (max.) limit insures that tp^c (max.) can be met. tRCD 
(max.) is specified as a reference point only; if tpco «s greater than the specified 
tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

6. Operation within the tpAD (max.) limit insures that tpAC (max.) can be met. tRAD 
(max.) is specified as a reference point only; if tRAD is greater than the specified 
tRAD(Tnax.) limit, then access time Is controlled exclusively by tAA- 

7. toFF (max.) and toEz (max.) define the time at which the output achieves the 
open circuit condition and is not referenced to output voltage levels. 

8. Either tRRH or tRCH must be satisfied for a read cycle. 

9. twcs/ kwD# tRWD and tAWD a'"e not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; If twcs -twcs (min.) 
the cycle is an early write cycle and the data out will remain open circuit (high 
Impedance) throughout the entire cycle; if tcwD = tcwD (min.), tRwo^^Rwo 
(min.) and tAWD = tAWD (min.), the cycle is read/write cycle and data out will 
contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
Indeterminate. 

10. The test mode is Initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

CAO Is not used. In a read cycle, if two internal bits on one I/O pin are equal, the 

I/O pin will Indicate a high level. If Internal bits on one I/O pin are not equal, 

then the I/O pin will Indicate a low level. 

The test mode is cleared and the memory device returned to its normal 

operational state by performing a RAS only refresh cycle or a CAS before RAS 

refresh cycle. 

11. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified In test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 



DQ1 -DQ4 



VoH- 
VOL- 



^t 



tRC 



tRAS 



kSH 



y 



tCRP 



X 




tRAC 



tCLZ 



k)EZ 



Valid Data-out 



"H-or-L" 



e4 



WRITE CYCLE (EARLY WRITE) 



^= 



CAS V, 
V, 



A0-A9 V|H — 
V,L - 



WE yiH - 

V|L - 



■ kRP^ 



orV;H- 1 



DQ1-DQ4 yjH — 

V|L — 



tRC 



tRAS 



kSH 



tRCD 



f 



tRSH 



tcRP 



X 




twCR 



tRWL 




Valid Data-in 
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WRTIE CYCLE (OE CONTROL WRITE) 



A0-A9 V,H — 
V.L - 



DQ1 -DQ4 V|/OH — 
V|/OL — 




"H-or-L" 



READ/WRTIE CYCLE 



V,H — 



VlH- 



A0-A9 



ViL -. 



V|H- 
V|L - 






OE !;ir= 



DQ1-DQ4 



Vi/OH"" , 



^C 



, kRp 



tRAS 



tAR 



tRCD 



kSH 



tRSH 



— ^ tcRP 



kRp 

"* — >■ 
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FAST PAGE MODE READ CYCLE 



^t 



tCRP 



tRASP 



^RCD 



tRAD 



'^Z 



/ 



tpc 



DQ1-DQ4 



1f^~^-t=^' 



tcp 



«« > 



< ^^^^ > 



:^7 



tRAL 



tRP 



tcRP 




tCLZ 



"H-or-L' 



N 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



\l 



V|H- 



^^ 



tASC 



J 7 tcRP \ 



tCAS 



I tcwL 



j^ i^Le-KAS_^ 




^ 



^twcv^ 



DQ1-DQ4 
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FAST PAGE MODE READ/WRITE CYCLE 



RAS 



CAS 






VlH-"" 
ViL - 



A0-A9 



WE 



tRASP 



tAR 



tcSH 



tRCD 



tRAD 

< > 



^RAH 



'^: 



OE 



V|H- 
V|L • 



DQ1-DQ4 



V|/OL 



:cv 



tCAS 



tCAH 



tAA 



■tRAC 



tOEA 



tOED 



[toEZ 



tDi 



tpRWC 



^CP tcAS tcp tcAS , 



Use 



toH 



:h 



■tOEA 



tOED 



kPA 



tCAC 
-« >• 



^AA 



tOEZ 



tDS 




"toH 



tCLZ 



tCLZ 




tRSH 



tRP 
tCRP 



Use 



tRAL 



tOEA 



in 

tOED 



tcPA 



tCAC 

< >■ 



^AA 



toEZ 



tDS 



r"- tDH 



tCLZ 



"H"or''L" 



RAS ONLY REFRESH CYCLE 



RAS 



V|H- 
V|L - 



CAS 



V,H- 



A0-A9 



V|H- 



"n: 



tCRP 
< > 



USR 
< — >■ 



tRC 



tRAS 



•/ 



tRP 



tRPC 

-< > 



tRAH 
■< — ^ 



Row 



NOTE: DQisopen,WE,OE = ''H''or''L'' 



''H''or''L'' 
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CAS BEFORE RAS AUTO REFRESH CYCLE 



IMSM514400H 



V|H- 



VlL- 



DQ1-DQ4 



VoH- 
VoL- 



tRPC 



V 



/^. 



kp 

-« >■ 



kSR 



twRP 




tRC 



tRAS 



tCHR 



twRH 



NOTE: OE,A0-A9 = H'or"L' 



y 



tRP 



tRPC 



twRP 



HIDDEN REFRESH READ CYCLE 



,kRP 



V|H- 
VlL- 



USR 



A0-A9 



viL -i 



tRC 



tRAS 



,'^~'\ 



tRCD 



Use 



DQ1-DQ4 



VoH- 
VoL- 



tRCS 



'^. 



^ fesH. 



tCAH 
< *" 




tRC 



tRAS 



tCHR 



/ 



tRAL 



tRAC 



. tcAC 



5CLZ 




tROH 



twRP 
tRRH 



1^ 



1^ 



Valid Data-out 



> 



'H"or"L" 
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HIDDEN REFRESH WRITE CYCLE 



RAS 



^; 



■V,H- 7^ 



USR 



A0-A9 ,7" 



tRC 



^RAS 



Ur 



^RCD 



. ^RAD 



Use 



Row" 



'^. 



Column 



%cs 

> 



3^^ 



^RAS 



ypL 



kHR 



X 



twCH 



%P 



-m 



twRH 



OE vir - ^^^^^^^^^^^^ 


/////////////////////////^^ 


''^MMMMMMi^A 






l^tDS 




tDH 






DQ1 
















^ Valid Data-in 


s^^^^^^^^^^^^^^^^ 


Dg4 




tDHR 


> 


















^ "H"or"L" 



TEST MODE INITIATE CYCLE 



V|| 



CAS 



DQl 

, Vqi 

DQ4 



tRC 



< ^^^ > 



^. 



*RPC 



J2L» 



H 



kHR 



ftlU- 



h 



%HR 



F 



NOTE: OE.A0-A9 = "H"or"L" 



"H"or"L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



^. 



"^ :;::^. 



kSR 



AO v,H-^ 



^RAS 



.^"^ 



r^^: 



A9 



V|L 



READ CYCLE .w 



^ ;;h:P 



OE ^IH 



DQ1 VoH- 

DQ4 ^OL ■ 



WRITE CYCLE 




We V.H-P 




OE ^IH 



DQ1 v„ 



■ OPEN 



^WRH 



%CS 




Valid Data-out 



^RWL 



%CH 



%P 



m 



I 



v„ 



DQ4 ^IL 

READ/WRITE 
CYCLE 



^WRP 



OPEN 



-C 



WE ^IH 



Valid Data 



or ViH-M 



O 



UWD 



\aM 



DQ4^l/0L - 




, kWL , 



"H"or"L" 



^ 
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MSM514402 




1,048.576-WORD X 4-BIT DYNAMIC RAM: 

STATIC COLUMN MODE TYPE 



GENERAL DESCRIPTION 

The MSM514402 is a new generation dynamic RAIVl organized as 1,048,576 words by 4 bits. 
The technology used to fabricate the I\/1SM514402 is OKI's CMOS silicon gate process technology. 
The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 



FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1 -transistor memory ceil 

• 1 ,048,576 word by 4 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 

• Family organization 



Family 




Access Time 




Cycle 
Time 
(MIN) 


Power Dissipation 


(MAX) 


Operating 
(MAX) 


Standby 




tRAC 


tAA 


tCAC 


tOEA 


(MAX) 


MSM 5 14402-8 


80 ns 


40 ns 


20 ns 


20 ns 


160 ns 


495 mW 




IViSIV1514402-8A 


80 ns 


40 ns 


25 ns 


25 ns 


160 ns 


495 mW 


5.5 mW 
(MOS level) 


MSIVI514402-10 


100 ns 


50 ns 


25 ns 


25 ns 


190 ns 


440 mW 





• Single +5Vsupply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024 cycles/1 6 ms 

• CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 

• Multi bit test mode capability 

• Built-in Vbb generator circuit 
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PIN CONFIGURATION (TOP VIEW) 





DQ1[T 


/ S 


EgVs, 


DQ1[T 




23Vss 


DQ2[2 




2iDQ4 


DQ2[T 




ilDQ4 


WE [I 




23DQ3 


WE [I 
RAS[4 




ilDQ3 

lies 

ilOE 


RAS[4 
A9*[I 


U1 


22! OE 


A0*[6 


^ 


[iA8* 


AO*[I 




iIas* 


A1*[7 


o 


gA7* 


ai*|k 


o 

ISJ 


i3A7* 


A2*[8 


73 


ilA6* 


A2*[l] 


V/^ 


11a6* 


A3*[T 




i3A5* 


A3*y 




iIas* 


VccEfi 




niA4* 


VccB 




i3A4* 


2 


OPINDI 


P 


2 


6PINSC 


)J 




* 


Refresh Address 







OE [T 
DQ3[T 

Vss U 
DQ2[T 
RAS [9 

Ao* in 



A2* 

Vcc 
A5* 
A7* 



2] DQ4 
6] DQ1 
11 WE 
i3 A9* 
in A1* 
i3 A3* 
3 A4* 

Sag* 

3 A8* 



20 PIN ZIP 



Pin Names 


Function 


AO to A9 


Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select Input 


DQ1 toDQ4 


Data In /Data Out 


"oi 


Output Enable 


WE 


Write Enable 


Vcc 


Power Supply < +5V> 


Vss 


Ground < GV> 



4 



FUNCTIONAL BLOCK DIAGRAM 



AO 

I 

A9 



L 



Vcc 



RAS 



Timing 
Generator 



CS 



Column 
Address 
Buffers 



Internal 
Address 
Counter 



Column 
Address 
Buffers 



H> 



Timing 
Generator 



A 
V 



Column 
Decoders 



Refresh 
Control Clock 



Write 

Clock 

Generator 



Sense Amps 



"L\ 



Row 
De- 
cod- 
ers 



Word 
Driv- 
ers 



LA 



I/O 
Selector 



Memory 
Cells 



•WE 



^ 



Output 
Buffers 



Input 
Buffers 



DQ1 
- I 
DQ4 





>► 










On chip Vbb 
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ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Note 


Voltage on any pin 
relative to Vss 


VT 


Ta = 25''C 


-1.0to + 7.0 


V 




Short circuit output 
current 


los 


Ta = 25°C 


50 


mA 




Power dissipation 


Pd 


Ta = 25°C 


1 


W 




Operating 
temperature 


Topr 


- 


Oto +70 


°C 




Storage temperature 


Tstg 


- 


-55 to +150 


X 





RECOMMENDED OPERATING CONDITIONS 

(Ta = to + 70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


2 


Vss 











V 




Input high voltage 


V|H 


2.4 


- 


6.5 


V 


2 


Input low voltage 


V,L 


-1.0 


- 


0.8 


V 


2 



Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

2. All voltages are referenced to Vss- 
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DC CHARACTERISTICS 

(Vcc = 5V±10%,Ta=0to +70°C) 



Parameter 


Symbol 


Conditions 


MSM 
514402-8 


MSM 
514402-8A 


MSM 
514402-10 


Unit 


Note 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Output high voltage 


VoH 


loH= -5.0 mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output low voltage 


Vol 


|ql = 4.2 mA 





0.4 





0.4 





0.4 


V 




Input leakage current 


Ili 


0V<VI^6.5V; 
all other pins 
not under 
test = V 


-10 


10 


-10 


10 


-10 


10 


\xA 




Output leakage 
current 


Ilo 


DQi = disable 
0V< V0^5.5 V 


-10 


10 


-10 


10 


-10 


10 


IXA 




Average power 
supply current 
(Operating) 


Icci 


RAS, CS 
cycling, 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 


ICC2 


RAS = V,H 
CS =V,H 
DQj = Hz 


TTL 


- 


2 


- 


2 


- 


2 


mA 




(Standby) 


MOS 


- 


1 


- 


1 


- 


1 


mA 




Average power 
supply current 
(RAS only refresh) 


ICC3 


RAS cycling, 
CS = V,H 
tRc = min 


- 


90 


- 


90 


- 


80 


mA 


1,2 


Power supply current 
(Standby) 


ICC5 


RAS = V,H 
CS =V,L 
DQi = enable 


- 


5 


- 


5 


- 


5 


mA 


1 


Average power 
SMpply current 
(CS before RAS 
refresh) 


'CC6 


RAS cycling, 
CS before RAS 


- 


90 




90 


- 


80 


mA 


1 


Average power 
supply current 
(Static Column mode) 


ICC9 


RAS = V,L 

CS =v,L 
tsc = nnin 


- 


80 


- 


80 


- 


70 


mA 


1 



M 



Notes: 1. Icc'sdependentonoutput loading and cycle rates. Specified values are obtained 
with the output open. 

2. Address can be changed once or less while RAS = V|l. 



CAPACITANCE 

(Ta = 25Xf=1 MHz) 



Parameter 


Symbol 


Conditions 


TYP 


MAX 


Unit 


Input capacitance (AO to A9) 


C|N1 


- 


- 


6 


pF 


Input capacitance 
(RAS, CS, WE, OE) 


C|N2 


- 


- 


7 


PF 


Output capacitance (DQ1 to DQ4) 


C|/0 


- 


- 


7 


pF 
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AC CHARACTERISTICS 

(Vcc = 5V±10%,Ta = 0to +70X) 



Note 1,2, 3, 11, 12 



Parameter 


Symbol 


MSM 

514402-8 


MSM 
514402-8A 


MSM 
514402-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random read or write cycle time 


tRC 


160 


- 


160 


- 


190 


- 


ns 




Read/write cycle time 


tRWC 


215 


- 


220 


- 


255 


- 


ns 




Static column mode cycle time 


tsc 


45 


- 


45 


- 


55 


- 


ns 




Static column mode read/write cycle time 


tSRWC 


100 


- 


100 


- 


115 


- 


ns 




Access time from RAS 


tRAC 


- 


80 


- 


80 


- 


100 


ns 


4.5,6 


Access time from CS 


tCAC 


- 


20 


- 


25 


- 


25 


ns 


4.5 


Access time from column address 


tAA 


- 


40 


- 


40 


- 


50 


ns 


4.6,7 


Access time from last write 


■<^ALW 


- 


75 


- 


75 


- 


95 


ns 


4,7 


Access time from OE 


tOEA 


- 


20 


- 


25 


- 


25 


ns 




Data output enable time reference to WE 


tow 


- 


20 


- 


25 


- 


25 


ns 




Output low impedance time from CS 


tCLZ 





- 





- 





- 


ns 


4 


Data output hold time reference to 
column address 


tAOH 


5 


- 


5 




5 


- 


ns 




Output buffer turn-off delay time 


tOFF 





20 





20 





25 


ns 


8 


OE to data output buffer turn-off delay 
time 


toEZ 





20 





20 





25 


ns 


8 


Transition time 


tT 


3 


50 


3 


50 


3 


50 


ns 


3 


Refresh period 


tREF 


- 


16 


- 


16 




16 


ms 




RAS prechargetime 


tRP 


70 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10,000 


80 


10,000 


100 


10,000 


ns 




RAS pulse width (Static column mode) 


tRASC 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




RAS hold time 


tRSH 


20 


- 


25 


- 


25 


- 


ns 




RAS hold time reference to OE 


tROH 


20 


- 


25 


- 


25 


- 


ns 




CS prechargetime 


tcp 


10 


- 


10 


- 


10 


- 


ns 




CS pulse width 


tcs 


20 


100,000 


25 


100,000 


25 


100,000 


ns 




CS hold time 


kSH 


80 


- 


80 


- 


100 


- 


ns 




CS to RAS prechargetime 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS delay time 


tRCD 


22 


60 


25 


55 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


17 


40 


.20 


40 


20 


50 


ns 


6 


Row address set-up time 


USR 





- 





- 





- 


ns 




Row address hold time 


tRAH 


12 


- 


15 


- 


15 


- 


ns 




Column address set-up time 


Use 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


15 


". - 


20 


- 


ns 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSM 

514402-8 


MSM 
514402-8A 


MSM 
514402-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Column address hold time reference to 
RAS (WRITE CYCLE) 


^AWR 


60 


- 


60 


- 


75 


- 


ns 




Column address hold time reference to 
RAS 


tAR 


95 


- 


95 


- 


115 


- 


ns 




Column address to RAS lead time 


tRAL 


40 


- 


40 


- 


50 


- 


ns 




Column address hold time reference to 
RAS precharge 


tAH 


10 


- 


10 


- 


10 


- 


ns 




Column address hold time reference to 
WE 


Uhlw 


75 


- 


75 


- 


95 


- 


ns 




Last write to column address delay time 


^LWAD 


20 


35 


20 


35 


25 


45 


ns 


7 


Read command set-up time 


tRCS 





- 





- 





- 


ns 




Read command hold time 


tRCH 





~ 





- 





- 


ns 


9 


Read command hold time reference to 
RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


9 


Write command set-up time 


twcs 





- 





- 





- 


ns 


10 


Write command pulse width 


twp 


15 


- 


15 


- 


20 


- 


ns 




OE command hold time 


toEH 


20 


- 


25 


_ 


25 


- 


ns 




Write command hold time from RAS 


twCR 


60 


- 


60 




75 


- 


ns 




Write invalid time 


twi 


10 


- 


10 


- 


10 


- 


ns 




Write command hold time (Dqut disable) 


twH 





- 





- 





- 


ns 


10 


Write command to CS lead time 


tcWL 


20 


- 


25 


- 


25 


- 


ns 




Write command to RAS lead time 


^RWL 


20 


- 


25 


- 


25 


- 


ns 




CS to WE delay time 


tcWD 


50 


- 


55 


- 


60 


- 


ns 


10 


Column address to WE delay time 


UWD 


70 


- 


70 


- 


85 


- 


ns 


10 


RAS to WE delay time 


tRWD 


110 


- 


110 


- 


135 




ns 


10 


Data-inset-uptime 


tDS 





- 





- 





- 


ns 




Data-in hold time 


toH 


15 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


toHR 


60 


- 


60 


- 


75 


- 


ns 




^Eto Data-in delay time 


tOED 


20 




20 


- 


25 


- 


ns 




CS active delay time from RAS prechage 


tRPC 


10 


_ 


10 


- 


10 


- 


ns 




RAS to CS Set-up time (CS before RAS) 


kSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to CS hold time (CS before RAS) 


tcHR 


20 


- 


20 


- 


20 


- 


ns 




CS precharge time (Refresh counter test) 


tcPT 


40 


- 


40 


- 


50 


- 


ns 




WE to RAS precharge time (CS before 
RAS) 


twRP 


10 


- 


10 


- 


10 


- 


ns 




WE hold time from RAS (CS before RAS) 


%RH 


20 


- 


20 


- 


20 


- 


ns 





^ 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSiVl 
514402-8 


MSM 
514402-8A 


MSM 
514402-10 


Unit 


Note 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




RAS to WE set-up time (Test mode) 


twSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to WE hold time (Test mode) 


twHR 


20 


- 


20 


- 


20 


- 


ns 





Notes: 1. 



2. 
3. 



7. 



9. 

10. 



11. 



12. 



An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 

before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CS before RAS 

initialization cycles is required. 

The AC characteristics assume tj = 5 ns. 

ViH (min.) and Vil (max.) are reference levels for measuring of input signals. 

Also, transition times are measured between V|h and V|l. 

Measured with a load circuit equivalent to 2TTL loads and 1 0OpF. 

Operation within the Xrqo (max.) limit insures that tpAc (max.) can be met. tpco 

(max.) is specified as a reference point only; if tpco is greater than the specified 

tRCD (max.) limit, then access time is controlled exclusively by tcAC- 

Operation within the tpAo (max.) limit insures that tpAC (max.) can be met. tpAo 

(max.) is specified as a reference point only; if tpAo is greater than the specified 

tpAD (max.) limit, then access time is controlled exclusively by tAA- 

Operation within the tLWAD (max.) limit insures that tAiw (max.) can be met. 

tiWAD (max.) is specified as a reference point only; if tLWAD "S greater than the 

specified ttwAD (max.) limit, then access time is controlled exclusively by Taa- 

toFF (max.) and toEZ (max.) define the time at which the output achieves the 

open circuit condition and are not referenced to output voltage levels. 

Either tpRH or tpcH must be satisfied for a read cycle. 

twcS' "twH» tcwD^RWD and tAWD are not restrictive operating parameters. They 

are included In the data sheet as electrical characteristics only; if twcs = %cs 

(min.) and twH = twH (min.), the cycle Is an early write cycle and the data out 

will remain open circuit (high impedance) throughout the entire cycle; if 

tcwD = tcwD (min.), tRWD = tRWD (min.) and tAWD^UwD (min.), the cycle is 

read/write cycle and data out will contain data read from the selected cell; If 

neither of the above sets of conditions Is satisfied, the condition of the data out 

(at access time) is indeterminate. 

The test mode is initiated by performing a WE and CS before RAS refresh cycle. 

This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-blt parallel test function. 

CAO is not used. In a read cycle, if two internal bits on one I/O pin are equal, the 

I/O pin will indicate a high level. If internal bits on one I/O pin are not equal, 

then I/O pin will indicate a low level. 

The test mode is cleared and the memory device returned to Its normal 

operational state by performing a RAS only refresh cycle or a CS before RAS 

refresh cycle. 

In a test mode read cycle, the value of access time parameters Is delayed for 5 ns 

for the specified value. These parameters should be specified in test mode cycles 

by adding the above value to the specified value in this data sheet. 
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READ CYCLE 



V|H 



V|L 



A0-A9 v,L -m 



DQ1-DQ4 ;;°;;_- 



\ 



_JCRP 



MSR 



tRAS 



;r' "V 



kSH 



tRCD 



tRAD 



^V^^ 



tRSH 



tAR 



tRAL 



tRP 



^^ 



tCRP 



tRAC 




tCLZ 



k)EZ 



Valid Data-out 



4 



"H'or-L" 



WRITE CYCLE (EARLY WRITE) 



V,L - 



V|L - 



A0-A9 






DQ1-DQ4 v|^ _- 



% 



tcRP, 



to 



tRC 



tRAS 



tAWR 



kSH 



tRCD 



l^c 



tRAD 



^ 



^tAS(^ 



tRSH 



ks 



tCAH 






twCR 



tpHR 



JD5 



tpH 



^ Valid Data-in \ 



¥ 



tCRP 
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WRITE CYCLE (OE CONTROL WRITE) 



V|L 



5-e - -^ 



DQ1 -DQ4 



^e 



, tCRP^ 



tRC 



tRAS 



kSH 



tRCD 



■^e 



'^RAD 



tRAH 



r 



tRSH 



tcs 



tRP 



■r 



tCRP 



\ 




"H-or-L- 



READ/WRITE CYCLE 



VlH - 
V,L - 



« :: = 



V|L -^ 



wi :;^ 



VlH — 

DQ1-DQ4 v,L -- 



^. 



kRP, 



tASR 



tRWC 



tRAS 



tRCD 



tRAD 



tRAL 



kSH 



^^ 



_tRSH 



ks 



tcWD 



tRWD 



tAWD 



tOEA 



tRAC 



tCAC 



^AA 



/ 



tpED 



-^ 



Valid Data-out 



tRP 



Nr 



tcWL 



. tpH 



Valid Data-in 




H-or^'L'' 
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STATIC COLUMN MODE READ CYCLE 



^vir 



V,H- 
V.L- 



VOH- 

DQ1-DQ4 Vol - 



't 



^RASC 



tcRP 



tAR 



^^ 



tRCS 



X 



tcs 



tsc 



tcp 



r ^^e 



tRCH 




y: 



tRP 



tRCS 



tRRH 



tRCH. 



^-' Valid 
Data-out 



N 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



\ 



A0-A9 v,L - 



^ 



\ 



tRAH tASC 



^Xr = 



V|H- ^ 



v' 



\ 



yQK 



tCAH 



tCRP 



twH 



twcs 



ViH- m 

DQ1-DQ4 Viu - 
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STATIC COLUMN MODE READ/WRITE CYCLE 



V|L - 



V,L- 



V,H- 



VlHl- 



DQ1-DQ4 



V|/OH - 



>v 



tASR 
< > 



\ 



tcwb 







tRAC 



tALW 



tRAL 



tCRP 



tRWL 



tcWL 



.^_J2W_ 




^O^lUnMMM. 



tcLZ ^ Valid 

Data-out 



STATIC COLUMN MODE READA/VRITE MIXED CYCLE 



' V,L - 



V,H — 

« v„ _ 



V|H- W 

viL- m 



TTTT V|H — 
WE v,L - 



DQ1-DQ4 



V|/OH — 
V,/OL - ■ 



tAWD 



t^E^ 



tCAC 



tlWAD 



Uhlw 



tCAH 



tcWD 



\^^^.^ 



y 



tOED 



tAOH 



Valid • 
Data-out. 



tow 



tOH 

< »> 



Valid 
.Data-in 



\ 



tpEA. 



tAA 



UOH 
« »• 



Valid 
Data-out 



(WRITE) 



--H- 



(READ) 
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RAS ONLY REFRESH CYCLE 



\ 



V|H- ^ 



USR 



tRAS 



NOTE: DQi = open, WE, OE = "H" or "L" 



CS BEFORE RAS AUTO REFRESH CYCLE 



V|L- 



tRC 



ViH- -' V- 



V|L- 



N 



^RAS 



kHR 



^WRH 



DQI -DQ4 



VOH- ■ 

Vol-. 



tOFF 



V 




N 



^' '\ 




NOTE: OE,A0-A9 = "H''or''L'' 



"H"or"L" 
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HIDDEN REFRESH READ CYCLE 



V|H 

RAS 



\ 



f '^ 




VOH — 

DQ1-DQ4 Vol—" 



f 



:r^-^ 



Valid Data-out 



HIDDEN REFRESH WRITE CYCLE 



V|H -■ 



, kRP 



- v: -W 



DQ1-DQ4 



V,L - 



tRC 



UWR 



tRCD 



tRSH 



/ \ 



tRP 



tRAS 



tCHR 



!ds_ 



tpH 



-i Valid Data-in f- 



^ -^ 



tCRP 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CS 



V|L - 



kSR 



^. 



READ CYCLE 



A0-A9 



tRAS 



1/ 



. ^CPT 



tRSH 



tcs 



tRAL 



^RP 



tcRP 



^AH 



DQ1-DQ4 



WRITE CYCLE 




DQ1-DQ4 



READ/WRITE CYCLE 

V|H -^ 



Valid Data-in 



A0-A9 



V,L 



twRP 



w ^1" -w. 



twRH 



Column 



■tRCS 



OE 



DQ1-DQ4 



VlH —Z 



^CAH 



W twp 



tAWD 



tOEA 




tCAC 



V|/OL 



"H"or"L" 



tCLZ 



tOED 



tCEZ 





tRWL 



■< >- 



tDS 



Valid 
.Data 



•u 



Valid Data-out 



m 
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TEST MODE INITIATE CYCLE 



RAS 



^5 v„ 



WE 



DQ1-DQ4 ^OH- 



tRC 



^RPC 



N. 



kSR 



%SR| 



^RAS 



kHR 



VSRj 



b 



%HR 



NOTE:OE,A0-A9 = "H" or"L" 



J^ 




"H"or"L" 
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MSC2304YS8/KS8 



262,1 44 BY 8 BIT DYNAMIC RAM MODULE <Page Mode Type> 



GENERAL DESCRIPTION 

The Oki MSC2304YS8/KS8 is a fully decoded, 262,144 words x 8 bit NMOS dynamic random 
access memory composed of eight 256K DRAMs in plastic leaded chip carrier (MSM41256AJS). The 
mounting of eight PLCCs together with eight 0.2/xF decoupling capacitors on a 30 pin glass epoxy 
Single-ln-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YS8/KS8 are quite same as the 
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very 
wide. 



FEATURES 

• 262,1 44 word x 8 bit Organization 

• Single +5V Supply (1 0% Tolerance) 

• 30-Pin Socket insertable Module 

• Refresh Period ... 4ms (256 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• 3-States Outp uts 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 

FUNCTIONAL BLOCK DIAGRAM 



4 



Row Access Time; 

100ns max. (MSC2304-10YS8/KS8) 
120ns max. (MSC2304-12YS8/KS8) 
150ns max. (MSC2304-15YS8/KS8) 

Low Power Dissipation; 

2640mWmax. {MSC2304-10YS8/KS8) 
2420mWmax. (MSC2304-12YS8/KS8) 
2200mWmax. {MSC2304-15YS8/KS8) 

Oper ating T empe rature ... 0°C to 70° C 

CAS-before-RAS refresh capability 

"Page Mode" capability 



3- 



RAS - 
CAS - 



Ao-Ae 
RAS 
CAS 



u 



Ao-As 
RAS 
CA5 
WE 

"vccvss° 



• RAS 
> CAS" 



lc,___l '„ 



Ao-A e 
RAS 
CAS 
WE 

Vcc^ss 



Ao-As 
RAS 
CAS" 



RAS 
CAS 
WE 
^CC VSS 



— RAS 

— CAS 



277 



■ DYNAMIC RAM •MSC2304YS8/KS8 ■- 
PIN ASSIGNMENT 




MSC2304YS8 



"aHEST 



> uuuu ^ 



nnnn. 



.rnnn. .nnnn. .nnnr. jinnrv 



uuu ^ \iarTtr \tiTtrtr Tinmr ^ uuuu 



Trnntr 



nnnnnnnnnnnnnnnnnnnnnnrinnnnnnn 



O 

30 



MSC2304KS8 



nr-inn 




o 

30 






PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


YC£ 


16 


DQ5 


2 


CAS 


17 


A8 


3 


DQ1 


18 


NC 


4 


AO 


19 


NC 


5 


A1 


20 


DQ6 


6 


DQ2 


21 


WE 


7 


A2 


22 


VSS 


8 


A3 


23 


DQ7 


9 


VSS 


24 


NC 


10 


DQ3 


25 


DQ8 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ4 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 


vcc 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


ViN.VoUT 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


^opr 


Oto70 


°C 


Storage temperature 


Tstg 


-40 to +125 


°C 


Power dissipation 


Pd 


8 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbo) 


Min. 


Typ. 


Max. 


Unit 


Operating 
temperature 


Supply Voltage 


vqe 


4.5 


5.0 


5.5^ 


V 




Vss 











V 


0°Cto-f70°C 


Input High Voltage, 
all inputs 


V|H 


2.4 




6.5 


V 


Input Low Voltage, 
all inputs 


V|L 


-1.0 




0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



N 



Parameter 


Symbol 


100ns 
MODULE 


120ns 
MODULE 


150ns 
MODULE 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current* 

Average power supply current 

(RAS, CAS cycling; tRc = min.) 


'CC1 




480 




440 




400 


mA 


Standby Current 
Power supply current 
(RAS = CAS = V|h) 


'CC2 




40 




40 




40 


mA 


Refresh Current 1 

Average power supply current 

(RAS cycling, CAS = V|h; tpc = n^'n.) 


'CC3 




440 




400 




360 


mA 


Page Mode Current* 

Average power supply current 

(RAS = ViL, CAS cycling; tpc = min.) 


'CC4 




320 




280 




240 


mA 


Refresh Current 2 

Average power supply current 

(CAS before RAS; tpc = n^'"-) 


'CC5 




440 




400 




360 


mA 


Input Leakage Current 
Input leakage current, any input 
(OV<V|N< 5.5V, all other 
pins not under test = OV) 


'LI 


-80 


80 


-80 


80 


-80 


80 


mA 


Output Leakage Current 
(Data out is disabled, 
OV < VouT < 5-5V) 


ILO 


-10 


10 


-10 


10 


-10 


10 


ma 


Output Levels 
Output high voltage 
(IOH = -5mA) 
Output low voltage 
(l0L = 4.2mA) 


VOH 

Vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


V 
V 



Note*: Ice 's dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input Capacitance (Ao ~ As) 


C|N1 


37 


60 


PF 




C|N2 


35 


65 




Input Capacitance (RAS, CAS, WE) 


PF 


Data Input/Output 
Capacitance (DQ) 


Cdq 


7 


20 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Note 1,2.3 



Parameter 


Symbol 


Unit 


MSC2304-10 
YS8/KS8 


MSC2304-12 
YS8/KS8 


MSC2304-15 
YS8/KS8 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Refresh period 


<REF 


ms 




4 




4 




4 




Random read or write 
cycle time 


tRC 


ns 


200 




220 




260 






Access time from RAS 


tRAC 


ns 




100 




120 




160 


4,6 


Access time from CAS 


tCAC 


ns 




50 




60 




75 


5,6 


Output buffer turn-off 
delay 


tOFF 


ns 





30 





30 





30 




Transition time 


tT 


ns 


3 


50 


3 


50 


3 


60 




RAS precharge time 


tRP 


ns 


90 




90 




100 






RAS pulse width 


tRAS 


ns 


100 


10/iS 


120 


10/LtS 


150 


lOjLtS 




RAS hold time 


tRSH 


ns 


60 




60 




75 






CAS pulse width 


tCAS 


ns 


50 


10/xS 


60 


lO/LtS 


75 


10/xS 




CAS hold time 


tCSH 


ns 


100 




120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


50 


25 


60 


25 


75 


7 


CAS to RAS set-up time 


tCRS 


ns 


20 




25 




30 






Row address set-up 
time 


tASR 


ns 



















Row address hold time 


tRAH 


ns 


15 




15 




15 






Column address set-up 
time 


tASC 


ns 



















Column address hold 
time 


tCAH 


ns 


20 




20 




25 






Read command set-up 
time 


tRCS 


ns 



















Read command hold 

time referenced to CAS 


tRCH 


ns 



















Write command set-up 
time 


twcs 


ns 





■ 















E^ 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Unit 


MSC2304-10 
YS8/KS8 


MSC2304-12 
YS8/KS8 


MSC2304-1 5 
YSB/KSB 


Notes 




MIn. 


Max. 


Min. 


Max. 


MIn. 


Max. 




Write command pulse 
width 


twp 


ns 


15 




20 




25 






Write command hold 
time 


tWCH 


ns 


15 




20 




25 






Write command to 
RAS lead time 


tRWL 


ns 


35 




40 




45 






Write command to 
CAS lead time 


tCWL 


ns 


35 




40 




45 






Data-in set-up time 


tDS 


ns 



















Data-in hold time 


^DH 


ns 


20 




20 




25 






Refresh set-up time for 
CAS referenced to RAS 


tpcs 


ns 


20 




25 




30 






Refresh hold time for 
CAS referenced to RAS 


tpCH 


ns 


20 




25 




30 






CAS precharge time 
(C before R cycle) 


tCPR 


ns 


20 




25 




30 






RAS precharge to 
CAS active time 


tRPC 


ns 


20 




20 




20 






Page mode cycle 
time 


tpc 


ns 


100 




120 




145 




8 


Page mode CAS 
precharge time 


tCP 

— 


ns 


40 




50 




60 




8 
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Notes: 1 An in itial pause of 1 OO/iS is required after power-up followed by any 8 RAS cycles (Example: 
RAS only) before proper device operation is achieved. 

2 The AC measurements assume t j ~ 5 ns 

3 VjH (MIn.) and V|l (Max.) are reference levels for measuring of Input signals. Also transi- 
tion times are measured between V|h and V|l. 

4 Assumes that Ircd ^ tpcD (Max.). If tpcD 's greater than the maximum recommended 
value shown In this table, tRAC will increase by the amount that tRCD exceeds the value 
shown. 

5 Assumes that Ircd ^ tRCD (Max.). 

6 Measured with a load circuit equivalent to 2TTL loads and 1 00 pF. 

7 Operation within the tRCD (Max.) limit insures that tRAC (Max.) can be met. tRCD (Max.) 
is specified as a reference point only; if tRQo Is greater than the specified tRCp (Max.) 
limit, then access time is controlled exclusively by tQAC- 

8 Page mode cycle. 



ai 
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READ CYCLE 



HAS 



CA5 



V|H- 



^. 






tCRS 



Addresses 



^^ :;r^ 



DOUT 



VOH- 
VOL- 



*ASR 



-^RC- 



-*RAS- 



-tRCO- 



tRAH ^ASC 



Row 
Address 



'Cs. 



-^CSH- 



— ^RSH- 
-*CAS — 



<CAH 



/' '^ 



-tRp- 



.U' 



Column 
Address 



^RCS 





-*CAC- 



^RAC- 



H OPEN h" 



^RRH 



< 



Velid 
Data 



i^ 



^OFF 



Oon't Care 



WRITE CYCLE 



RAS 

CAS 

Addresses 
WE 

OoUT 



V|H- 
V|L- 



^CRS 



K 






VOH- 
VOL- 



-^RAS- 



-^SH- 



— ^RSH- 
-^CAS — 



-/ "V 



-tRp- 



OPEN h 
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PAGE MODE READ CYCLE 



RAS VjL- 



CAS V|L- 



tASR, 



Adresses 



V|H- 
V|L- 



-tRAS- 



-LCSH 



tPC- 



-*-tRCD^ r^tCAS - 



tRAH 



v;^ 



^P 



ASC 



\dd 



tCAH 



r 

^ASC 



DOUT 



WE 



VOH- 
VOL- 



K-tCAC-^ 
tRAC 



-OPEN- 



tCP 



— tCAS-^ 

s 
V 



Col. 



tCAH 



tOFFlh-^CAC-^ 



V|H-; 



"k 



Krcs ^rchJ. 



w 



^( 



'RCS 



-tRSH- 



V 



-tRp^ 






t^SC 



w^^ 



tCAH 



^tcAC-^ 
r-^OFF 



< ) — OPEN — ( ) — }) < y 

"^ ItnrQ 1^^ — 1 r • 



i 



H~toFF 



I 






e4 



"H"."L"= Don't Care 



PAGE MODE WRITE CYCLE 



RAS 



V|H- 
V,L- 



CAS v'lL- 



tASR 



Addresses "i}^''. 



WE ^'"- 



-tRAS- 



^tRCcSSU-tcAS-^ 



tRAH 



v,::^ 



ti:sc *CA"-tASC H«CAH ,^„ -^ 







tps 



■Hr^DWj tosi 



Valid Data 



tRSH— 

|— tCAS— i 



tCAH 



3wd 



Valid Data 



tDS 



— tWP^ 



PTo'S^L-* 



Valid Data 



*^tRp^ 



^ 



"H", "L" » Don't Care 
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raS only refresh cycle 



RAS 



Addresses 



DOUT 



V|L~ 



vm- ^ 



VOH- 
VOL-' 



^ASR- 



NOTE: CAS « V(H, WE, D|N » Don't care 



-tRc- 



^. 



-tRAS- 



/ 



-^^RAH-H 



Row 
Address 



-tRp- 



H OPEN H 



CAS-BEFGRE-RAS REFRESH CYCLE 



RAS 



CAS 



V|H 



V|H- 
V|L- 



DOUT vn. - 



NOTE: Address, WE, D|(vj = Don't care 



p-tCPR-^ 



^FCS 



-tRC- 



N. 



-tRAS- 



^FCH 



/ 



^OFF 



-tRp- 



\ 



^RPC 



> 



-I OPEN h 
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HIDDEN REFRESH CYCLE 



RAS 



CAS 



V|H-- 
V|L- 



\; 



*CRS 



Addresses 



WE 



DOUT 



-tRC- 



*-tRp-^ 



-^RAS- 



'/ — ^C 



-^tRCD- 



r— tRSH 



■^RAS- 



/ 




N 



Don't Care 
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FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 

The l\/ISC2304 has the circuit considerations for 
easy operational timing requirements for high speed 
access time operations. The MSC2304 can operate 
under the condition of tRCD (max) = tcAC which 
provides an optimal time space for a ddress minimam 
hold time of Address (tCAH)' VVE (twCH) and DIN 
(tDH)- And the MSC2304 can commit better memory 
system through-put during operations in an inter- 
leaved system. 



Address Inputs: 

A total of eighteen binary input address bits 
are reauired to decode any 1 of 262.1 44 storage 
cell location within the MSC2304. Nine row- 
address bits are established on the input pins 
(Ao through A e) an d latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input pin s an d 
latched with the Column Address Strobe (CAS). 
All input addresse s must be stable on or before 
the falllng'edge of RAS. CAS is internally inhibit- 
ed (o r "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row- 
addresses to column-addresses. 



Write Enable: 

The read or write mode is selected with the 

WE Input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode Is selected. 

Data Input: 

Data is written into the MS^CA2304 during a 
write cycle. The last falling edge of WE or CAS is a 
stro be for the Data In (D||\|) register. In a write cycle, if 
WE is brou ght lo w (write mode) before CAS, D||\| is 
strobed by C AS, an d the set-up and hold times are 
referenced to CAS. 



Data OutDut: 

The output buffer is three-state TTL compatible 
with a fan-out of two standard TTL loads. Data out is 
the same polarity as d ata in . The output is in a high 
impedance state until CAS is brought "low". In a 
read cycle, the o utput is valid after tpAC from 
transition of RAS when tR CD (m ax) is satisfied, or 
after tcAC ^ ""om transition of CAS when the tran sition 
occurs after tpcD (max). Data remain valid until CAS 
is returned to "high". In a write cycle, the identical 
sequence occurs, but data is not valid. 

Page Mode: 

Page-mode operation permi ts st robing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions In which the row-address doesn't change. 
Thus th e pow er dissipated by the negative going 
edge of RAS Is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 
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RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-a ddres ses (Aoto A^) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the o utput 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 266 row- 
addresses (Ao to A^) with RAS will cause all bits 
In each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 

CA S Be fore RA S Re fresh: 

CAS before RAS refreshing available on the 
M SC23 04 offers an alternate refresh method. 
If CAS is hel d on low for the specified period 
(tpcs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter Is auto- 
matically in crem ented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaini ng la test valid data at the output by ex- 
tending CAS active time from the previous 
memory rea d cy cle. I n M SC2304 hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the cou nter are 
used to refresh add resses, because CAS is 
always low when RAS goes to low in this mode. 
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MSC2304YS8 



3.38 



" 03.18 



2.03 



88.9 



^^i 



82.14 



MAX 



SEaoT 



Bona, .nnnrt .nnnn. 



tJcrcrrr Sincnnr Tirnrcr t tuuu 



5.59 



Tjcnxcr TinntT 



rtirnnrirnnrnrirnnnnnnnrnnrnrnr-innrtirii— ir-ir-inpr-i 



2.54 



Trtrnrr 



1.78 




Tin-Lead Solder 




Glass-Epoxy Board 
18pinPLCC 

Chip Condenser 



1 . Substrate: GLASS-EPOXY 

2. ThrougmHole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (1 8fxm^) 

4. Surface Coating: Photo Film Resist 



MSC2304KS8 

3.38^ 



88.9 





03.18 




^ 


lO 






CD 


CD 




■^ 




in 




6 


CO 




"^ 


CD 




2. Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (1 S/Ltm*) 

4. Surface Coating: Photo Film Resist 
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MSC2304YS8/KS8 (SIP/SIM) DERATING CURVE 




(°C) 
70 


Not Allowable 




\ \ ^^^^ 


Air Flow 


60 


\. N 


^^ 


:Om/s 
: 1m/s 


0) 


\ ^ 


X 


Temperatur 
o 


\ N 

Allowable \ 




:3m/s 


1 40 

E 

< 


\ 






30 
on 


1 1 1 1 


\ 




1 2 3 4 f 5 




4.35 MHz (MHz) 
1 /tpc Cycle Rate 





m 
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MSC2304YS9/KS9 



262,144 BY 9 BIT DYNAMIC RAM MODULE < Page Mode Type > 




GENERAL DESCRIPTION 

The Oki MSC2304YS9/KS9 is a fully decoded, 262,144 words x 9 bit NMOS dynamic random 
access memory composed of nine 256K DRAMs in plastic leaded chip carrier (MSM41256AJS). The 
mounting of nine PLCCs together with nine 0.2fjLf decoupling capacitors on a 30 pin glass epoxy 
Single-ln-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YS9/KS9 are quite same as the 
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very 
wide. 



FEATURES 

• 262,1 44 word x 9 bit Organization 

• Single +5V Supply (1 0% Tolerance) 

• 30-Pin Socket Insertable Module 

• Refresh Period ... 4ms (256 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• 3-States Outp uts 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 

FUNCTIONAL BLOCK DIAGRAM 



Separate CAS Control for One Separate Pair 
of Data-in and Data-Out Lines 
Row Access Time; 
100ns max. (MSC2304-10YS9/KS9) 
120ns max. (MSC2304-12YS9/KS9) 
150ns max. (MSC2304-15YS9/KS9) 
Low Power Dissipation; 
2970mWmax. (MSC2304-10YS9/KS9) 
2723mWmax. (MSC2304-12YS9/KS9) 
2475mWmax. (MSC2304-15YS9/KS9) 
Oper ating Temperature ... 0°C to 70° C 
CAS-before-RAS refresh capability 
"Page Mode" capability 



3- 



RAS - 
CAS - 



Ao-Ae 
RAS 
CA5 



VCC ^SS 



Ao-As 
RAS 
CAS 



Ao-Ae 
RAS 
CAS 



- Ao-As 
. RAS 
■ CAS 



VCC 

vss 



^TcT 



Ao-A a 
RAS 
CAS 



VCC^SS 



Ao-A e 
RAS 
CAS" 



- Ao-As 
' RAS 

- CAS 



- Ao-A s 

► RAS 

► CAS 



_- D Q , 

7^ vccvss 



- Ao-Ae 

' We 
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PIN ASSIGNMENT 



MSC2304YS9 




nnnnnnnnnnnnnnnnnnnnnnnnni-innnn 



30 



MSC2304KS9 






.nnnn. jMaatx ^aaaa 



31313 



mnn^ >nnnrt 




O 



^^30 



j;^^£2 "^'^^f^0OO5T-i-i-i-T-T-T-T--i-T-CM<NC\ICViCVJCVJC\J<NCM<NCO 



PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


Vcc 


11 


A4 


21 


WE 


2 


CAS 


12 


A5 


22 


VSS 


3 


DQ1 


13 


DQ4 


23 


DQ7 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


DQ8 


6 


DQ2 


16 


DQ5 


26 


Q9 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


NC 


28 


CAS9 


9 


VSS 


19 


NC 


29 


D9 


10 


DQ3 


20 


DQ6 


30 


vcc 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


Vin.vqut 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


Topr 


Oto70 


°C 


Storage temperature 


Tstg 


-40 to +1 25 


°C 


Power dissipation 


Pd 


9 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
■r-^perature 


Supply Voltage 


vqc 


4.5 


5.0 


5.5 


V 




Vss 











V 


0°Cto+70°C 


Input High Voltage, 
ail inputs 


V|H 


2.4 




6.5 


V 


Input Low Voltage, 
all inputs 


V|L 


-1.0 


5 


0.8 


V 






DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


100ns 
MODULE 


120ns 
MODULE 


150ns 
MODULE 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current* 

Average power supply current 

(RAS, CAS cycling; tpc = "t^'") 


•CC1 




540 




495 




450 


mA 


Standby Current 
Power supply current 
(RAS = CAS = V|h) 


'CC2 




45 




45 




45 


mA 


Refresh Current 1 

Average power supply current 

(RAS cycling, CAS = V|h; tpc = mm.) 


'CC3 




495 




450 




405 


mA 


Page Mode Current* 

Average power supply current 

(RAS = V|L, CAS cycling; tpc = min.) 


ICC4 




360 




315 




270 


mA 


Refresh Current 2 

Average ppwer supply current 

(CAS before RAS; tpc = "^'n) 


ICC5 




495 




450 




405 


mA 


Input Leakage Current 
Input leakage current, any input 
(0V<V||V|< 5.5V, all other 
pins not under test = OV) 


ILI 


-90 


90 


-90 


90 


-90 


90 


mA 


Output Leakage Current 
(Data out is disabled, 
OV < VouT < 5.5V) 


'LO 


-10 


10 


-10 


10 


-10 


10 


ma 


Output Levels 
Output tiigh voltage 
dOH = -5mA) 
Output low voltage 
(l0L = 4.2mA) 


VOH 

Vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


V 
V 



Note*: Ice 's dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input Capacitance (Ao ~ As) 


C|N1 


40 


70 


PF 


Input Capacitance (RAS, CAS, WE) 


C|N2 


40 


75 


PF 


Data Input/Output 
Capacitance (DQ) 


Cdq 


7 


20 


pF 


Input Capacitance (CAS9) 


C|N3 


5 


10 


pF 


Input Capacitance (D9) 


C|N4 


4 


10 


pF 


Output Capacitance (Q9) 


Cqut 


4 


15 


pF 



Eli 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted, 



Note 1,2,3 



Parameter 


Symbol 


Unit 


MSC2304-10 
YS9/KS9 


MSC2304-12 
YS9/KS9 


MSC2304-1 5 
YS9/KS9 


Notes 




MIn. 


Max. 


MIn. 


Max. 


MIn. 


Max. 




Refresh period 


tREF 


ms 




4 




4 




4 




Random read or write 
cycle time 


tRC 


ns 


200 




220 




260 






Access time from RAS 


tRAC 


ns 




100 




120 




150 


4,6 


Access time from CAS 


tCAC 


ns 




50 




60 




75 


5,6 


Output buffer turn-off 
delay 


tOFF 


ns 





30 





30 





30 




Transition time 


tT 


ns 


3 


50 


3 


50 


3 


50 




RAS precharge time 


tRP 


ns 


90 




90 




100 






RAS pulse width 


tRAS 


ns 


100 


lO/LtS 


120 


lO/xS 


150 


10/xS 




RAS hold time 


tRSH 


ns 


50 




60 




75 






CaS pulse width 


tCAS 


ns 


50 


10/LtS 


60 


^OflS 


75 


10/aS 




CAS hold time 


tCSH 


ns 


100 




120 




150 






RAS to CAS delay time 


tRCD 


ns 


25 


50 


25 


60 


25 


75 


7 


CAS to RAS set-up time 


tCRS 


ns 


20 




25 




30 






Row address set-up 
time 


tASR 


ns 



















Row address hold time 


tRAH 


ns 


15 




15 




15 






Column address set-up 
time 


tASC 


ns 



















Column address hold 
time 


tCAH 


ns 


20 




20 




25 






Read command set-up 
time 


tRCS 


ns 



















Read command hold 
time referenced to CA$ 


tRCH 


ns 



















Write command set-up 
time 


twcs 


ns 

















8 



296 



AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 
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Parameter 


Symbol 


Unit 


MSC2304-10 
YS9/KS9 


MSC2304-12 
YS9/KS9 


MSC2304-15 
YS9/KS9 


Notes 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Write command pulse 
width 


twp 


ns 


16 




20 




25 






Write command hold 
time 


tWCH 


ns 


15 




20 




25 






Write command to 
RAS lead time 


tRWL 


ns 


35 




40 




45 






Write command to 
CAS lead time 


tCWL 


ns 


35 




40 




45 






Data-inset-uptime 


tDS 


ns 



















Data-in hold time 


tDH 


ns 


20 




20 




25 






Refresh set-up time for 
CAS referenced to RAS 


tpcs 


ns 


20 




25 




30 






Refresh hold time for 
CAS referenced to RAS 


tpCH 


ns 


20 




25 




30 






CAS precharge time 
(C before R cycle) 


tCPR 


ns 


20 




25 




30 






RAS precharge to 
CA$ active time 


tRPC 


ns 


20 




20 




20 






Page mode cycle 
time 


tpc 


ns 


100 




120 




145 




8 


Page mode CAS 
precharge time 


tCP 


ns 


40 




50 




60 




8 



m 
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Notes: 1 An initial pause of 100 fxs is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC measurements assume tj = 5 ns 

3 V|H (Min.) and V|l (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between V|h and Vjl. 

4 Assumes that tpcD S tRCD (Max.). If tRCD 's greater than the maximum recommended 
value shown in this table, tpAC will increase by the amount that tpcD exceeds the value 
shown. 

5 Assumes that tRCD ^ ^RCD (Max.). 

6 Measured with a load circuit equivalent to 2TTL loads and 1 GO pF. 

7 Operation within the tRQp (Max.) limit Insures that tRAC (Max.) can be met. tRCD (Max.) 
Is specified as a reference point only; if tRCD ^^ greater than the specified tRQp (Max.) 
limit, then access time is controlled exclusively by top£. 

8 Page mode cycle. 
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READ CYCLE 



RAS 



CAS 



V|H-' 
V|L- 



\ 



^CRS 



V,H- Y 

V|L- f 



Addresses 



^ASR 



-^RC- 



-^RAS- 



-^CSH- 



-^RCD- 



^RAH ^ASC 



Row 
Address 



WE 



DOUT 






VOH- 
VOL-"" 



'v^. 



-^CAS- 



/ 'V 



-tRp- 



n' 



^CAH 



Column 
Address 





-^CAC- 



-tRAC- 



OPEN H 



^RCH 



^RRH 



C 



Valid 
Data 



^ 



^OFF 



Don't Care 



WRITE CYCLE 



RAS 



CAS 



V|H- 



V|H- 7 

V|L- f 



^CRS 



'V 



Addresses 



WE 



D|N 



DOUT 



VOH- 
VOL- 



*ASR 



-tRAS- 



-*RC- 



-^RCD- 



^a 



tRAH tASC 



-tcSH- 



— tRSH- 
-^CAS — 



^CAH 



'J '\ 



_tRp- 



,€7 



tDS — 






H OPEN h 
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PAGE MODE READ CYCLE 




V,H 

RAS V|L- 



CAS v'lL- 



Adresses 



V|H- 



-tRAS- 



tRAH 



ICSH 



tPC- 



KtRCD-|-^tCAS-=- 



DOUT 



VOH 

Vol 



WE ;;;h-^ 




tAfe^CAH 



h-tCAC-^ 
tRAC 



tcP 



tASC 



\ 



tRSH 

-^tcAS-H _,^ -^tcAS--i 

fecl'CAH 



«CAH 



J^PSJ^I^® 




IRCS tRCH 



M 



W 



A '^ 



KtRP^ 



tOFFl K^CAC-I 

OPEN <^>— 

Imcs ^'— r 



h-tcAC-* 

tOFF -H 



m 



c^ 



K-toFF 



[-^tRCH-* 



3"H"/'L"= Don't Care 



PAGE MODE WRITE CYCLE 



RAS 



V|H-- 
V|L- 



CAS vJl - 



tASR 



Addresses X'^^" m^^^RW^lUo^ 



V|L- 



-tRAS- 



/ 



tpc- 



^^RCcS^tcAS-^ 



tRAH H--- - 



WE ;;jH:^ 



D|N 



V,L-MiJ 



s^^m^mm 



tWCH 



-tcWL- 






,tCP 



tASC 



tWCHf- 



tCAH 



tDSh-lr^^DHH tDSK- 



Valid Data 



tASC 



-^tRSH 
-^tCAS-*i 



H-tCAS-^ 



tCAH 



Valid Data' 




—tRP^ 



"H", "L" = Don't Care 
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RAS ONLY REFRESH CYCLE 



RAS ^IH- 

V,L- 



Addresses 



ViH- 7^/ 



°OUT V 



VoH- 
OL- 



NOTE: CAS = V|H, WE, D|(vj = Don't care 



^ASR- 



^RC- 



^. 



^RAS- 



*-^RAH-«- 



Row 
Address 



U. tRp 



H OPEN H 



4 



Don't Care 



CAS-BEFORE-RAS REFRESH CYCLE 



NOTE: Address, WE, D I fsj = Don't care 



RAS 



CAS 



V|H 



V|L- 



-^CPR-*1 



^FCS 



^. 



-^RC- 



^. 



-^RAS- 



^FCH 



-tRp- 



/ K 



^RPC 



VoH- 
DOUT VoL- 



-^OFF 



> 



H OPEN h 
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HIDDEN REFRESH CYCLE 



RAS 



V|H-- 
V,L- 



■s 



^CRS 



CAS ;;i^:i 



Addresses 



DOUT 



.^ASR 



-*RAS- 



'/ — n: 



-^tRCD- 



tRAH >^L 



*ASC 



-tRp- 



-^CAS- 



-*RAS- 



y 



-^FCH- 



^CAH 



T 
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FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 

The MSC2304 has the circuit considerations 
for easy operational timing requirements for high 
speed access time operations. The MSC2304 can 
operate under the condition of tpcD (f^iax) = 
tcAC which provides an optimal time space for 
address multiplexing. In addition, the MSC2304 
has the minimal hold time of Address (tcAH^ 
VVE (twCH^ and D|n (tpH)- And the MSC2304 
can commit better memory system through-put 
during operations in an interleaved system. 

Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,144 storage 
cell location within the MSC2304. Nine row- 
address bits are established on the input pins (Aq 
through Ag ) and latched with the Row Address 
Strobe (RAS). Then nine column address bits 
are established on the input pins and latched with 
the Column Address Strobe (CAS). All input 
ad dress must b e stable on or before the falling edge 
of RAS . CAS is internally inhi bited (or "gated") 
by RAS to permit triggering of CAS as soon as the 
Row Address Hold Time (tRAH^ specification has 
been satisfied and the address inputs have been 
changed from row-addresses to column-addresses. 



Write Enable: 

The read or write mode is sel ected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected, 

Data Input: 

Data is written into the MSC 230 4 durin g a 
write cycle. The last falling edge of WE or CAS is a 
strobe for the Data in (D|(\|) register. In a write 
cycle , if WE is brought ' low'' (write mode) before 
CAS, D||\| is strobed by CA S, and the set-up and 
hold times are referenced to CAS. 

Data Output: 

The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data i n. T he 
output is in a high Impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, the o utput is valid after tRAc trom transi- 
tion of RAS when tpcD (n^iax ) is satisfied, or after 
tcAC ^•'O'T^ transition of CAS when the transition 
occurs after tpcD (nnax). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permi ts st robing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn't change. 
Thus th e pow er dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 



e4 
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RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Aoto A^) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the o utput 
buffer is in the high impedance state unless CAS 
Is brought low. Strobing each of the 266 row- 
addresses (Ao to A-^) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 

CA S Be fore RA S Re fresh: 

CAS before RAS refreshing available on the 
M SC23 04 offers an alternate refresh method. 
If CAS is hel d on low for the specified period 
(tpQs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically in crem ented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while 
maintain ing latest valid data at the output by ex- 
tending CAS active time from the previous mem- 
ory read cyc le. In MSC2304 hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from th e co unter are used to re fresh 
addresses, because CAS is always low when RAS 
goes to low in this mode. 
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MSC2304YS9 



3.38 



03.18 



2.03 



88.9 



82.14 



nnnn nnnn nnnrt 



^5ti 



l uuu Tjnnrr 



\l 



]^ 



.nnnrv nnnn 



Jinnn. .nnnn 



Tinner Spcrnxr Tinner S 



mrinnrnrnrnnrnnnnnnni-ir-|i-ir-ir-innrhrirnnnnr-ir-i- 



5.59 



2.54 



1.78 



w 

^ 



5.08 



MAX 



1.27- 



= 0.13 



• Glass-Epoxy Board 
18pinPLCC 



Substrate: GLASS-EPOXY 

Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (1 S/xm*) 

Surface Coating: Photo Film Resist 




5.08' 



MAX 





— 




1.27 


^' 


±0.13 


1 


oin 


T-O 




?? 




IT) 




C\J 




O 


— ^ 


"" 



1 . Substrate: GLASS-EPOXY 

2. Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (1 S^tm*) 

4. Surface Coating: Photo Film Resist 



4 
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MSC2304YS9/KS9 (SIP/SIM) DERATING CURVE 





(°C) 
70 


NotAllo\ 


/vable 






\ ^ "^^ 


a> 


60 


^"<"r- 


Air Flow 


: Om/s 
: 1m/s 





■3 

"c5 




\ \, 






:3m/s 


E 
t 

.9 

JO 

E 
< 


50 


Allowable \ \ 






40 


\ 


\ 






^ 


30 
20 


1 1 1 1 


1 








12 3 4 


5 










4.35 MHz 
1 /tpc- Cycle Rate 


(MHz) 
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MSC2331 A-XX YS3/KS3 

262, 144 BY 9 BIT DYNAMIC RAM MODULE 



GENERAL DESCRIPTION 

The Oki MSC2331 A-XX YS3/KS3 is a fully decoded, 262,144 words X 9 bit CMOS dynamic random 
access memory composed of two 1 Mb DRAMs in SOJ (MSM514256AJS) and one 256Kb DRAM in 
PLCC (MSM51C256JS). The mounting of two SOJs and one PLCC together with three 0.2 /xF 
decoupling capacitors on a 30 pin glass epoxy Single-ln-Line Package provides any application where 
high density and large capacity of storage memory are required. The electrical characteristics of the 
MSC2331 A-XX YS3/KS3 are quite same as the original MSM514256AJS; each timing requirements 
are noncritical, and power supply tolerance is very wide. 



FEATURES 

• 262,144 word X 9 bit Organization 

• Single +5V Supply (10% Tolerance) 

• Refresh Period ... 8ms (512 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• 3-States O utpu ts 

• Common CAS Control for two Common 
Data-in a nd D ata-Out Lines. 

• Separate CAS Control for one Separate Pair 
of Data-in and Data-Out Lines. 



Row Access Time; 
80ns max. (MSC2331A-8A/80 YS3/KS3) 
1 00ns max. (MSC2331 A-1 A/1 YS3/KS3) 

Low Power Dissipation; 
1 1 55mW max. (MSC233 1 A-8A/80 YS3/KS3) 
990mW max. (MSC2331 A-1 A/10YS3/KS3) 

Operating Temperature ... 0°C to 70°C 



E^ 



FUNCTIONAL BLOCK DIAGRAM 



A0-A8 ^3" 



RAS 
CAS 
WE 



DQ1-4" 



DQ5-8 - 



A0-A8 

RAS 

CAS 

WE 

DQ 



OE 



A0-A8 
RAS 

WE 
DQ 



VCC VSS 



OE 



AO-AB 

RAS 

CAS 

WE 

D 



VCC VSS 



VSS' 



01 :j: 03 i 
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PIN ASSIGNMENT 




o 



o 

30 



Rl^ X.5 Z^ ^5^ S? wS^L ^lo^tDtr-iooooC 



>1 






m.^^^^^i'S 



6 > 



o 



PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


vcc 


11 


A4 


21 


WE 


2 


CAS 


12 


A5 


22 


VSS 


3 


DQ1 


13 


DQ4 


23 


DQ7 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


DQ8 


6 


DQ2 


16 


DQ5 


26 


Q9 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


NC 


28 


CAS9 


9 


VSS 


19 


NC 


29 


D9 


10 


DQ3 


20 


DQ6 


30 


vcc 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


VjN.VoUT 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


vcc 


-1 to +7 


V 


Operating temperature 


"•^opr 


Oto70 


°C 


Storage temperature 


"Tstg 


-40 to +125 


°C 


Power dissipation 


Pd 


3 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max 


Unit 


Operating 
temperature 


Supply Voltage 


vcc 


4 5 


5.0 


5.5 


V 




Vss 











V 


0°Cto +70°C 


Input High Voltage, 
all inputs 


V|H 


24 


— 


6.5 


V 


Input Low Voltage, 
all inputs 


V|L 


-10 


— 


0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



E« 



Parameter 


Symbol 


MSC2331A- 
8AYS3/KS3 


MSC2331A- 
1AYS3/KS3 


MSC2331A- 
80YS3/KS3 


MSC2331A- 
10YS3/KS3 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Operating Current* 

average power supply 

(RAS, CAS cycling; tRC = min.) 


'cci 


- 


210 


- 


180 


- 


210 


- 


180 


mA 


Standby Current* 
power supply current 
(RAS = CAS = V|H) 


ICC2 
(TTL) 


— 


7.5 


— 


7.5 


— 


7.5 


— 


7.5 


mA 


ICC2 
(MOS) 


— 


4.5 


— 


4.5 


— 


4.5 


— 


4.5 


mA 


Refresh Current 1 * 

Avarage power supply current 

(RAS cycling, CAS = V|H:rRc=min.) 


ICC3 


- 


210 


- 


180 


- 


210 


- 


180 


mA 


Refresh Current 2* 

Average power supply current 

(CAS before RAS; tpc = min.) 


ICC6 


- 


210 


- 


180 


- 


210 


- 


180 


mA 


Refresh Current* 

Average power supply current 

(RAS = V|L, CAS cyling: tPC =min.) 


ICC7 


- 


160 


- 


155 




170 


- 


155 


mA 


Input Leakage Current 
Input leakage current, any input 
(OV<V||M< 5.5V, all other 
pins not under test = OV) 


ILI 


-20 


20 


-20 


20 




-20 


20 


-20 


20 


mA 


Output Leakage Current 
(Data out is disabled, 
OV<VouT^5.5V) 


ILO 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 


Output Levets 
Output high voltage 
('oh = -5mA) 
Output low voltage 
dOL^ 4.2mA) 


VOH 

Vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


2.4 


04 


V 
V 



Note*: Ice 's dependent on output loading and cycle rates, 
output open. 



Specified values are obtained with the 
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CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 



Parameter 


Symbol 


Max. 


Unit 


Input Capacitance (Aq ~ Ag) 


C|1 


40 


pF 


Input Capacitance (RAS, CAS, WE) 


C|2 


40 


pF 


Data Input/Output 
Capacitance. (DQ) 


Cdq 


20 


pF 


Input Capacitance (CAS9) 


C|3 


10 


pF 


Input Capacitance (D9) 


C|4 


10 


pF 


Output Capacitance (Q9) 


CO ^ 


15 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Vcc = 5V ± 1 0%, Ta = to +70°C) 
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Note 1.2, 3 



Parameter 


Symbol 


MSC2331A 
8A YS3/KS3 


MSC2331A 
1AYS3/KS3 


MSC2331A 
80 YS3/KS3 


MSC2331A 
10YS3/KS3 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Refresh period 


*REF 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Random read or write cycle time 


*RC 


160 


- 


190 


- 


160 


- 


190 


- 


ns 




Fast page mode cycle time 


¥c 


55 


- 


55 


- 


50 


- 


55 


- 


ns 




Access time from RAS 


^RAC 


- 


80 


- 


100 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CAS 


*CAC 


- 


25 


- 


30 


- 


20 


- 


25 


ns 


4,5 


Access time from column address 


*AA 


- 


40 


- 


50 


- 


40 


- 


50 


ns 


4,6 


Access time from CAS precharge 


*CPA 


- 


50 


- 


50 


- 


45 


- 


50 


ns 


4 


Output low impedance time from 
CAS 


*CLZ 





- 





- 





- 





- 


"s 


4 


Output buffer turn-off delay 


^OFF 





20 





20 





20 





20 


ns 




Transition time 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS precharge time 


tRP 


70 


- 


80 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


*RAS 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


*RASP 


80 


100000 


100 


100000 


80 


100000 


100 


1UUUUU 


ns 




RAS hold time 


*RSH 


25 


- 


30 


- 


20 


- 


25 


- 


ns 




CAS precharge time 

(Fast page mode cycle only) 


*CP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS pulse width 


*CAS 


25 


10000 


30 


10000 


20 


10UUU 


25 


10000 


ns 




CAS hold time 


*CSH 


80 


- 


100 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


*RCD 


25 


55 


25 


70 


25 


60 


25 


75 


ns 


5 


RAS to column address delay time 


*RAD 


20 


40 


20 


50 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-up time 


^ASR 





-- 





- 





- 





- 


ns 




Row address hold time 


*RAH 


15 


- 


15 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


*ASC 





- 





- 





- 





- 


ns 




Column address hold time 


*CAH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


*RAL 


40 


- 


50 


- 


40 


- 


50 


- 


ns 





N 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSC2331A 
8AYS3/KS3 


MSC2331A 
1AYS3/KS3 


MSC2331A 
80 YS3/KS3 


MSC2331A 
10YS3/KS3 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read command set-up time 


^RCS 





- 





- 





- 





- 


ns 




Read command hold time 


*RCH 





- 





- 





- 





- 


ns 


7 


Write command iiold time from RAS 


*WCR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


*WCS 





- 





- 





- 





- 


ns 




Write command hold time 


%CH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


^ 


15 


- 


20 


- 


ns 




Data-in set-up time 


*DS 





- 





- 





- 





- 


ns 




Data-in hold time 


^DH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


^HR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Read command hold time 
reference to RAS 


^RRH 


10 




10 


- 


10 


- 


10 


- 


ns 


7 


RAS to CAS set-up time 
(CAS before RAS) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time 
(CAS before RAS) 


*CHR 


30 


- 


30 


- 


30 


- 


30 




ns 




CAS active delay from RAS 
precharge 


^RPC 


10 




10 


- 


10 


- 


10 


- 


ns 




CAS precharge time 


^CPN 


10 




15 


- 


10 


- 


15 


- 


ns 





Notes: 1 An initial paus e of 100 /^s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at t j = 5 ns. 

3 V|H (min.) and V|l (max.) are reference levels for measuring of input signals 
tion times are measured between V|h and V|l. 

4 Measured with a load circuit equivalent to 2TTL + 100 pF. 

5 Operation within the tpQD (max.) limit insures that tpAC (max.) can be met. 
is specified as a reference point only; if tpcD '^ greater than the specified 
limit, then access time is controlled exclusively by t^AC 

6 Operation within the tRAD (max.) limit insures that tRAC (max.) can be met 
is specified as a reference point only; if tRAD 'S greater than the specified 
limit, then access time is controlled exclusively by tAA- 

7 Either tRRH or tRQH must be satisfied for a read cycle. 



. Also, transi- 



tRCD ("Tiax.) 
tRCD ("^ax^ 

tRAD (n^ax.) 
I tRAD (f^ax.) 
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READ CYCLE 



^v^z=i 



'CAH I 

3^ 



i= 



hmm 



w//// / m/mm 



DQ 

09 Vol - 



m^ 



e4 



WRITE CYCLE(EARLY WRITE) 





1 'rc 










1 '"" , 


- 


- :;r: 

iCRP 




1 J 




/ 


'RCD ^ >RSH 


'CSH 








'CRP 






'CAS 




CAS ^"^^ / 


'ar 


\N 


y 


/ 








' 






•rad I 






'ral 






'as 


H 


'RAH 


m 


ASC 




'CAH 




^ - : 


Column 


m/////////////////M 
























•wcs 




'WCH 






<WP 


^rW//////////////A 








m///////////////. 




'OHR 










'OS 




<0H 




^:::w///////////M 


)<: 


VaiKJ Data 


m////////////////M 


m^- 
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FAST PAGE MODE READ CYCLE 



CAS y 
CAS9 



tRASP 



:f 



'RCD 'CAS 



^. 



~'M 



^^^_/^^_^' 



::: ////////// 



09 Vol - 




Sm 





V 



3mM 




"- ."'"J 



(J25 



"^ 



?^ii> 



FAST PAGE MODE CYCLE (EARLY WRITE) 



r-m: 



^RASP 



1^ 



n^ci 



r-wzzm: 



::: y///////K 



ZH 



fee 



m: 



tec 



'^^^ 



V. 



'M: 



imzm 



muT/ 



^■jK^^^mnm 
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I DYNAMIC RAM MSC2331 A-XX YS3/KS3 I 



RAS ONLY REFRESH CYCLE 



V|L 



s. 



CAS 'H" 
CAS9 



rrj 



<ASR 



V|H-" 



^RC 



*RAS 



^RAH 



:w:^:>m 



DQ 

Q9 Vol - 



NOTE: WE = Don't care, A9 = Don't care 



/■ 



'rp 



vv 



El 



CAS BEFORE RAS AUTO REFRESH CYCLE 



irpc 



CAS9 '•- ■ 



OQ 

Q9 Vol - 



<CSR 



7^. 



\ 



/ 



<OFF 



> 



NOTE: WE = Don't care, AO ~ A9 = Don't care 
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■ DYNAMIC RAM MSC2331 A-XX YS3/KS3 ■" 
HIDDEN REFRESH READ CYCLE 



r 



'asr 'rah iasc "cah 



^IH~3^ 



/ 



/ 



'mMMMMMUm 



^ 



w////////////////m. 



09 ^OL- 



y- 



m^ 



HIDDEN REFRESH WRITE CYCLE 



'S. 



CAS 
CAS9 



Wress ^IH- 



r^ 



'rah 'asc 

" " n 



^--W 



f 



Wk^ yrnimii/ii/ii/i/////// ^ 



• /////////////////////////// 



:- jmjmm r^^^^ ^/////i///////i//////n, 



m^ 
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MEMO 



m 
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MEMO 




■ DYNAMIC RAM MSC2331 A-XX YS3/KS3 i 

MEMO 



N 



I DYNAMIC RAM MSC2331 A-XX YS3/KS3 I 



MEMO 




MSC2312A-XXYS9/KS9 



1,048,576 BY 9 BIT DYNAMIC RAM MODULE 



GENERAL DESCRIPTION 



The Oki MSC2312A-XX YS9/KS9 is a fully decoded, 1,048,576 words x 9bit CMOS dynamic random 
access memory composed of nine 1 Mb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs 
together with nine 0.2 jaF decoupling capacitors on a 30 pin glass epoxy Single-ln-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2312A-XX YS9/KS9 are quite same as the original MSM511000A 
JS;ieach timing requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 




• 1 ,048,576 word x 9 bit Organization 

• Single +5V Supply (1 0% Tolerance) 

• 30-Pin Socket Insertable Module 

• Refresh Period ... 8ms (51 2 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• 3-States Outputs 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 



Separate CAS Control for One Separate Pair 

of Data-in and Data-Out Linens 

Access Time; 

80ns max. (MSC2312A-8A/80 YS9/KS9) 
100ns max. (MSC2312A-1A/10 YS9/KS/9) 

Low Power Dissipation; 

3713mW max. {MSC2312A-8A/80 YS9/KS9) 
3218mW max. (MSC2312A-1A/10 YS9/KS9) 

Operating Temperature ... 0°C to 70°C 



FUNCTIONAL BLOCK DIAGRAM 



R AS 

CAS 



•■ raS 

■ CA5 
"WE 



^ 



RAS 
CAS 



. RA§ 
" CA5 



. RAS 
. CAS 



. RA? 

' CaS 
■%xvs£- 



RAl 
CAS 

m 



?d 



^ 



• RAS 



. Ras 

- CA'g 



^cc 
vss 
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PIN ASSIGNMENT 



MSC2312AYS9 



o 




n 



DQpaaaaapga pppapaPDaaapgapappp 



I 



MSC2312AKS9 







« O 




sLo 



p 



?7?mTm7?m?mmTm?^ 



PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


Wqq 


11 


A4 


21 


WE 


2 


CAS 


12 


A5 


22 


VSS 


3 


DQ1 


13 


DQ4 


23 


DQ7 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


DQ8 


6 


DQ2 


16 


DQ5 


26 


Q9 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


A9 


28 


CAS9 


9 


VSS 


19 


NC 


29 


D9 


10 


DQ3 


20 


DQ6 


30 


vcc 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


ViN.VoUT 


-1 to +7 


V 


Voltage on S/qq supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


^opr 


0to70 


°C 


Storage temperature 


T'stg 


-55 to 150 


°C 


Power dissipation 


Pd 


9 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
temperature 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 




Input High Voltage, 
all inputs 


V|H 


2.4 


. — 


6.5 


V 


C to +70°C 


Input Low Voltage, 
all inputs 


V|L 


-1.0 


— 


0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbo 


MSC2312A- 
8AYS9/ KS9 


MSC2312A- 
1AYS9/KS9 


MSC2312A- 
80YS9/KS9 


MSC2312A- 
10YS9/KS9 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current* 

Average power supply current 

(RAS. CAS cycling: tRc = "i'") 


'CC1 


— 


675 




585 




675 




585 


mA 


Standby Current* 


'CC2 
(TTL) 




18 




18 




18 




18 


mA 


Power supply current 
(RAS = CAS = V(h) 


'CC2 
(MOS) 




9 




9 




9 




9 


mA 


Refresh Current 1 * 

Average power supply current 

(RAS cycling. CAS = Vjh: tRc =fTiin.) 


'CC3 




676 




585 




675 


— 


585 


mA 


Refresh Current 2* 

Average power supply current 

(CAS before RAS; tRQ=min) 


'CC6 




675 




585 




675 


— 


585 


mA 


Page Mode Current* 
Average power supply current 
(RAS = V|L. CAS cycling; tpc =min.) 


'CC7 




496 




495 




540 




495 


mA 


Input Leakage Current 
input leakage current, any input 
(OV <V|N < 5.5V, all other 
pins not under test = OV) 


ILI 


-90 


90 


-90 


90 


-90 


90 


-90 


90 


mA 


Output Leakage Current 
(Data out is disabled, 
OV < VouT ^ 5.5V) 


'LO 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/xA 


Output Levels 
Output high voltage 
(IOH = -5niA) 
Output low voltage 
dOL == 4.2mA) 


VOH 

Vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


V 
V 



Note*: Ice '® dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25X, f = 1 MHz) 




Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input Capacitance (Ao — Aq) 


C|N1 


40 


70 


PF 


Input Capacitance (RAS, CAS, WE) 


C|N2 


40 


76 


PF 


Data Input/Output 
Capacitance (DQ) 


Cqq 


7 


20 


pF 


Input Capacitance (CAS9) 


C|N3 


5 


10 


pF 


Input Capacitance (D9) 


C|N4 


4 


10 


pF 


Output Capacitance (Q9) 


COUT 


4 


15 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Vcc = 5V ± 1 0%. Ta = to +70°C) 



I DYNAMIC RAM • MSC2312A-XXYS9/KS9 



Note 1.2.3 



Parameter 


Symbol 


MSC2312A 
-8AYS9/KS9 


MSC2312A 
-1AYS9/KS9 


MSC2312A 
-80YS9/KS9 


MSC2312A 
-10YS9/KS9 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Refresh period 


^REF 


-- 


8 


- 


8 


--- 


8 


- 


8 


ms 




Random read or write cycle time 


tRC 


160 


- 


190 


- 


160 


- 


190 


- 


ns 




Fast page mode cycle time 


*PC 


55 


- 


55 


- 


50 


- 


55 


- 


ns 




Access time from RAS 


^RAC 


- 


80 


- 


100 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CAS 


*CAC 


- 


25 


- 


30 


- 


20 


- 


25 


ns 


4,5 


Access time from column address 


*AA 


- 


40 


- 


50 


-- 


40 


- 


50 


ns 


4,6 


Access time from CAS precharge 


*CPA 


- 


50 


- 


50 


- 


45 


- 


50 


ns 


4 


Output low impedance time from 
CAS 


*CLZ 





- 





- 





- 





- 


"s 


4 


Output buffer turn-off delay 


bFF 





20 





20 





20 





20 


ns 




Transition time 


H 


3 


■ 50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS precharge time 


*RP 


70 


- 


80 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


*RAS 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


^RASP 


80 


100000 


100 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


*RSH 


25 


- 


30 


" 


20 


- 


25 


" 


ns 




CAS precharge time 

(Fast page mode cycle only) 


*CP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS pulse width 


^CAS 


25 


innm 


30 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


*CSH 


80 


- 


100 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


^RCD 


22 


55 


25 


70 


25 


60 


25 


75 


ns 


5 


RAS to column address delay time 


*RAD 


20 


40 


20 


50 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


^CRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-up time 


*ASR 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 


- 


15 


- 


12 


- 


15 


- 


ns 




Column address set-up time 


^ASC 





- 





- 





- 





- 


ns 




Column address hold time 


*CAH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Column address hold time from RAS 


*AR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


*RAL 


40 


- 


50 


- 


40 


- 


50 


- 


ns 





^ 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSC2312A 
-8AYS9/KS9 


MSC2312A 
-1AYS9/KS9 


MSC2312A 
-80YS9/KS9 


MSC2312A 
-10YS9/KS9 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read command set-up time 


*RCS 










- 





- 





- 


ns 




Read command hold time 


*RCH 










- 










- 


ns 


7 


Write command hold time from RAS 


*WCR 


60 


- 


75 


" 


60 


- 


75 


- 


ns 




Write command set-up time 


%CS 





- 





- 





- 





- 


ns 




Write command hold time 


%CH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Data-in set-up time 


^DS 





- 





- 





- 





- 


ns 




Data-in hold time 


*DH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


*DHR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Read command hold time 
reference to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


7 


RAS to CAS set-up time 
(CAS before RAS) 


*CSR 


10 




10 


- 


10 




10 


- 


ns 




RAS to CAS hold time 
(CAS before RAS) 


*CHR 


30 


- 


30 




30 




30 


- 


ns 




CAS active delay from RAS 
precharge 


*RPC 


10 


- 


10 


- 


10 




10 


- 


ns 




CAS precharge time 


^CPN 


10 


- 


15 




10 


- 


15 




ns 





Notes: 1 An initial paus e of 100 /iS is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at t j = 5 ns. 

3 V|n (min.) and V|l (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and V|l 

4 Measured with a load circuit equivalent to 2TTL + 1 GO pF. 

5 Operation within the tpQQ (max.) limit insures that tpAC (max.) can be met. tpcD (n^iax.) 
is specified as a reference point only; if tpcD '^ greater than the specified tRCD (n^ax.) 
limit, then access time is controlled exclusively by tcAC 

6 Operation within the tpAD (max.) limit insures that IraC (max.) can be met. tRAD (max.) 
is specified as a reference point only; if tRAD 's greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA 

7 Either Irrh or tRCH must be satisfied for a read cycle. 
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READ CYCLE 



CAS 
CAS9 






Y 



-\y:i=zL 



OQ ^OH - 



J 



WA" 



WRITE CYCLE(EARLY WRITE) 



'V 



CAS , 

CAS9 



/ 



^v^' y 



twcEzm: 



'CR 



WMMMMim 



W- 



y/// // ////////////// . 



w/////////////////m 
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FAST PAGE MODE READ CYCLE 



V,H- '^ 



CAS , 
CAS9 



tRASP 



J"\. 



'"^^ 



::^d9®{ 



^^_/^^_^' 



i:--MZZZW 



DQ ^OH - 
Q9 VOL-" 



\¥. 




:mim 



'brh 



'brh 

»RCH 



'm 



-^Sh 



FAST PAGE MODE CYCLE (EARLY WRITE) 



:m^ 



tRASP 



.^v 



'^, 



- 777777m : 



::MZzm: 



'OS 'DH 



'^:^j^^_^ 



fee 



r 

<CAH 'aSC 



'M: 



^Zj®CZf!L. 



zrnzm 



M: 



'OS 'dh Ids 'oh 



JWCH 
'WP 



:^^ 



r) (7^7Z77/ 
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RAS ONLY REFRESH CYCLE 



RAs y - 



V|H 



's. 



*CRP 



::y 



'asr 



Address ^'H " 



^RC 



<RAS 



/' 



«RP 



'rpc 



V7 



'rah 



w///////////////////////////. 



Q9 



VOH- 
VOL- 



NOTE: WE « Don't care. A9 « Oonl care 







m 



CAS BEFORE RAS AUTO REFRESH CYCLE 



V|L - 



/ »«r^^ "C 



•rpc 



/^. 



'csr 



/ 



'off 



DQ ^OH 
Q9 



Vol-- 



J 



'rp 



NOTE: WE - Dc^'t care. AO - A9 - Doot care 
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HIDDEN REFRESH READ CYCLE 



r 



rm:^»:^:mMiiMMMiiim 



mm////////////. 



%\ 



:y- 



M' 



HIDDEN REFRESH WRITE CYCLE 



^. 



'rah 'asc 

3®B 



««;;:"^ 



/ 



:mMMMMMM 



• /////////////////////////// 
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MSC2313A-XX YS8/KS8 



1,048,576 BY 8 BIT DYNAMIC RAM MODULE 



GENERAL DESCRIPTION 

The Oki MSC2313A-XX YS8/KS8 is a fully decoded, 1,048,576 words x 8 bit CMOS dynamic random 
access memory composed of nine 1Mb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs 
together with nine 0.2 /^F decoupling capacitors on a 30 pin glass epoxy Single-ln-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2313A-XX YS8/KS8 are quite same as the original MSM511000A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 



FEATURES 



1 .048,576 word x 8 bit Organization 
Single =5V Supply (1 0% Tolerance) 
30-Pin Socket Insertable Module 
Refresh Period ... 8ms (51 2 cycles) 
All Inputs, Outputs, Clocks 
Fully TTL compatible 
3-States Outputs 

Common CAS Control for Eight Common 
Data-in and Data-Out L'nes 



M 



Row Access Time; 

80ns max. (MSC231 3A-8A/80 YS8/KS8) 
100ns max. (MSC2313A-1A/10 YS8/KS8) 

Low Power Dissipation; 

3300mW max. (MSC2313A-8A/80 YS8/KS8) 
2860mW max. (MSC2313A-1A/10YS8/KS8) 

Operating Temperature ... 0°C to 70°C 



FUNCTIONAL BLOCK DIAGRAM 
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■ DYNAMIC RAM • MSC2313A-XXYS8/KS8 
PIN ASSIGNMENT 



MSC2313AYS8 
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noaoaaoaDooDDCiDCODCJDaQDaaDDQDP 



MSC2313AKS8 




If 




1 



^^mmmmkMmmr 



^^^^^^^^^ O T- Csl CO "^ lO <0 K 00 0> O t- CNJ CO ^ tf) <D f^ 03 O) O 

T-<NCO'd'io<or^ooo)'-'-T-T-T-r-^^T-T-cgc\JCvcvic\iCsicgc\jcsjc\ico 
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PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


vcc 


11 


A4 


21 


WE 


2 


CA§ 


12 


A5 


22 


VSS 


3 


DQ1 


13 


DQ4 


23 


DQ7 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


DQ8 


6 


DQ2 


16 


DQ5 


26 


NC 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


A9 


28 


NC 


9 


VSS 


19 


NC 


29 


NC 


10 


DQ3 


20 


DQ6 


30 


Vcc 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


ViN.VoUT 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


^opr 


to 70 


°C 


Storage temperature 


"^stg 


-55 to 150 


°C 


Power dissipation 


Pd 


8 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to The conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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DYNAMIC RAM • MSC2313A-XX YS8/KS8 



RECOMMENDED OPERATING CONDITIONS 


(Referenced to Vss) 




Parameter 


Symbol 


Min. 


Typ. 


Max 


Unit 


Operating 
temperature 


Supply Voltage 


vcc 


4 5 


5.0 


5.5 


V 




'^SS 











V 




Input High Voltage, 
all inputs 


V|H 


24 


— 


6.5 


V 


0°C to -♦-70°C 


Input Low Voltage, 
all inputs 


V|L 


-10 





0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



m 



Parameter 




MSC2313A- 
8AYS8/ KS8 


MSC2313A- 
1AYS8/KS8 


MSC2313A- 
80YS8/KS8 


MSC2313A- 
10YS8/ KS8 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current* 

Average power supply current 

(RAS, CAS cycling; tRC = f"'" ^ 


«CC1 


— 


600 


— 


520 


— 


600 


— 


520 


mA 


standby Current* 
Power supply current 
(RAS=CAS=V|h) 


'CC2 
ITTL) 




16 


— 


16 


— 


16 


— 


16 


mA 


'CC2 
(MOS) 


— 


8 


— 


8 


— 


8 


— 


8 


mA 


REfresh Current 1* 

Average power supply current 

(RAS cycling, CAS = V|h: tRC =min.) 


'CC3 


— 


600 


— 


520 


— 


600 


— 


520 


mA 


Refresh Current 2* 

Average power supply current 

(CAS before RAS; tRC = nnin) 


•CC6 


— 


600 


— 


520 


— 


600 





520 


mA 


Page Mode Current* 
Average power supply current 
(RAS = V|L. CAS cycling; tpc =min.) 


'CC7 


— 


440 


— 


440 


— 


480 


— 


440 


mA 


Input Leakage Current 
Input leakage current, any input 
(OV <V|N < 5.5V. all other 
pins not under test = OV) 


«LI 


-80 


80 


-80 


80 


-80 


80 


-80 


80 


mA 


Output Leakage Current 
(Data out is disabled. 
OV < VouT ^ 5.5V) 


«L0 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 


Output Levels 
Output high voltage 
(IOH = -5mA) 
Output tow voltage 
(|QL = 4.2mA) 


VOH 

Vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


V 
V 



Note*: Ice '^ dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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■ DYNAMIC RAM • MSC2313A-XXYS8/KS8 ■ 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 



Parameter 


Symbol 


Typ. 


Max. 


Unit 


Input Capacitance (Ao ~ A9) 


C|N1 


37 


60 


PF 


Input Capacitance (RAS, CAS, WE) 


C|N2 


35 


65 


PF 


Data Input/Output 
Capacitance (DQ) 


Cdq 


7 


20 


pF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Vcc = 5V ± 1 0%. Ta = to -f 70°C) 



■ DYNAMIC RAM • MSC2313A-XX YS8/KS8 



Note 1.2,3 



Parameter 


Symbol 


MSC2313A- 
8AYS8/KS8 


MSC2313A- 
1AYS8/KS8 


MSC2313A- 
80YS8/KS8 


MSC2313A- 
10YS8/KS8 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Refresh period 


tREF 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Random read or write cycle time 


^RC 


160 


- 


190 


- 


160 


- 


190 


- 


ns 




Fast page mode cycle time 


¥c 


55 


- 


55 


- 


50 


" 


55 


- 


ns 




Access time from RAS 


*RAC 


- 


80 


- 


100 


- 


80 


- 


100 


ns 


4,5,6 


Access time from CAS 


*CAC 


- 


25 


- 


30 


- 


20 


- 


25 


ns 


4,5 


Access time from column address 


*AA 


- 


40 


- 


50 


- 


40 


- 


50 


ns 


4,6 


Access time from CAS precharge 


tCPA 


- 


50 


- 


50 


- 


45 


- 


50 


ns 


4 


Output low impedance time from 
CAS 


^CLZ 





- 





- 





- 





- 


"s 


4 


Output buffer turn-off delay 


^OFF 





20 





20 





20 





20 


ns 




Transition time 


^T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS precharge time 


^RP 


70 


- 


80 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


^RAS 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


^RASP 


80 


100000 


100 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


*RSH 


25 


- 


30 


- 


20 


- 


25 




ns 




CAS precharge time 

(Fast page mode cycle only) 


*CP 


10 


- 


10 




10 


- 


10 


- 


ns 




CAS pulse width 


*CAS 


25 


innoo 


30 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


^CSH 


80 


- 


100 


- 


80 


- 


100 


- 


ns 




RAS to CAS delay time 


*RCD 


22 


55 


25 


70 


25 


60 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


20 


40 


20 


50 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


*CRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row address set-up time 


^ASR 





- 





- 





- 





- 


ns 




Row address hold time 


tRAH 


15 


- 


15 


- 


12 




20 


- 


ns 




Column address set-up time 


*ASC 





- 





- 





- 





- 


ns 




Column address hold time 


tCAH 


15 


- 


20 


- 


15 


- 


25 


- 


ns 




Column address hold time from RAS 


tAR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Column address to RAS lead time 


^RAL 


40 


- 


50 


- 


40 


- 


50 


- 


ns 





^ 
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■ DYNAMIC RAM • MSC2313A-XXYS8/KS8 ■ 
AC CHARACTERISTICS (CONT.) 




Parameter 


Symbol 


MSC2313A- 
SAYSS'KSS 


MSC2313A- 
1AYS8/KS8 


MSC2313A- 
80YS8/KS8 


MSC2313A- 
10YS8/KS8 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read command set-up time 


*RCS 





- 





- 





- 





- 


ns 




Read command hold time 


*RCH 





- 





- 





- 





- 


ns 


7 


Write command hold time from RAS 


%CR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Write command set-up time 


%CS 





- 





- 





- 





- 


ns 




Write command hold time 


*WCH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Write command pulse width 


twp 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Data-in set-up time 


^DS 





- 





- 





- 





- 


ns 




Data-in hold time 


*DH 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Data-in hold time from RAS 


^DHR 


60 


- 


75 


- 


60 


- 


75 


- 


ns 




Read command hold time 
reference to RAS 


^RRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


7 


RAS to CAS set-up time 
(CAS before RAS) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time 
(CAS before RAS) 


^CHR 


30 


- 


30 


- 


30 


- 


30 


- 


ns 




CAS active delay from RAS 
precharge 


*RPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS precharge time 


*CPN 


10 


- 


15 


- 


10 


- 


15 


- 


ns 





t4otes: 1 An initial paus e of 100 a«s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at tj = 5 ns. 

3 V|H (min.) and V|l (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vih and Vjl. 

4 Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5 Operation within the tpcD (max.) limit insures that tpAC (rnax.) can be met. tRCD (max.) 
is specified as a reference point only; if tRCD 'S greater than the specified tpcD (max.) 
limit, then access time is controlled exclusively by t^AC 

6 Operation within the tpAP (max.) limit insures that tRAC (max.) can be met. IraD (max.) 
is specified as a reference point only; if tRAD 'S greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by Iaa- 

7 Either Irrh or tRCH must be satisfied for a read cycle. 
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READ CYCLE 



r 



'-"^zzz^zX 



^mz: 



v_ 



W///////////////////// 7, 



r w////////////////// 



m: 



m^ 



m 



WRITE CYCLE(EARLY WRITE) 







'rc 




RAS ^'" ^ 
'CRP 




'RP 


^ 




1 


y 


r 


•rCD , >RSH 


'CSH 








■CRP 






'CAS 






V|L-__/ 

'asr 


'ar 


\\ 




/ 


f 








' 








'RAO j 






'RAL 






<RAH 


'ASC 




'CAH 


W/////)////////////////a 


— i:'M 


■ 1 


■ ■ 


m 








Column 










'WCR 


1 












•wcs 




'WCH 




'WP 


^rm//////////m 


- 






m///////////////. 




'OMR 






' 


'OS 




IDH 




-T:m///////////m '-" - 


-m////////////////M 


E 


7\ Oont 
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■ DYNAMIC RAM • MSC2313A-XX YS8/KS8 
FAST PAGE MODE READ CYCLE 



VlH-"~T 



zMi 



tRASP 



J""^ 



^^. 




VOH- 
VOL - 




^^^^"^.^^ 



"r 



:#: 



^mm 
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"^ 



FAST PAGE MODE CYCLE (EARLY WRITE) 



Z-W. 



tRASP 



■^, 



m 



rp, 






■ V77777777X : 



wTHMW. 



\_F^_ 
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'M: 



"^v 



CS I JWCH 



Ml 
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I DYNAMIC RAM • MSC2313A-XXYS8/KS8 



RAS ONLY REFRESH CYCLE 



RAs y-' 

V|| _. 



's. 



V|H- / 

V|L-_/ 



<ASR 



<RAS 



<RAH 



:;":^ZEZi^ 



VOH-- 
VOL-' 



NOTE: WE = Don't care, A9 = Don't care 



/' 



<RPC 



V7 



E^ 



CAS BEFORE RAS AUTO REFRESH CYCLE 



V|L 



DO 



VOH-- 
VOL-- 



— — / tr,or^ "C- 



<CPN 



<CSR 



/^. 



<RAS 



♦CHR 



/ 



^OFF 



> 



////j Don't care 



NOTE: WE = Don't care. AO ~ A9 = Don't care 
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HIDDEN REFRESH READ CYCLE 



J 



-r-'m^^ 



r 



WE ^1^^ "^f 



m/////////////m. 



V0H-_ 

Vol- 



w 



y- 



HIDDEN REFRESH WRITE CYCLE 



'V 



'ASR 

M 



'rah 'asc 
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^WMM 



Y 
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- /////////////////////////// 
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MSC2320A-XXYS9 



262, 144 BY 36BIT DYNAMIC RAM MODULE 



GENERAL DESCRIPTION 

The Oki MSC2320A-XXYS9 is a fully decoded, 262,144 words X 36 bit CMOS dynamic random 
access memory composed of eight 1 Mb DRAMs in SOJ (MSM51 4256AJS) and four 256 Kb drams in 
SOJ (MSM51 256JS). The mounting of twelve SOJs together with twelve 0.2 /uF decoupling capacitors 
on a 30 pin glass epoxy Single-ln-Line Package provides any application where high density and large 
capacity of storage memory are required. The electrical characteristics of the MSC2320A-XXYS9 are 
quite same as the original MSM51 1000AJS; each timing requirements are noncritical, and power 
supply tolerance is very wide. 



FEATURES 

• 262,144 word X 36 bit Organization 

• Single +5V Supply ( 5 % Tolerance) 

• Refresh Period ... 8ms (512 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• JEDE C Comp atible Dimensioning 

• CAS before RAS refresh, RAS only refresh, 
hidden refresh, and fast page mode capability 



m 



• Access Time' 

80ns max. '(MSC2320A-8A/80 YS9) 
100ns max. (MSC2320A-1A/10YS9) 

• Low Power Dissipation; 

441 OmW max. (MSC2320A-8A/80 YS9) 
3780mW max. (MSC2320A-1A/10YS9) 

• Operating Temperature ... 0°C to 70°C 

• Fast access and cycle times 



FUNCTIONAL BLOCK DIAGRAM 
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■ DYNAMIC RAM MSC2320A-XXYS9 I 
PIN ASSIGNMENT 




MSC2320A-XXYS9 

BOTTOM 




\-juumj t-tuuu ^ 



o 



mMTTTTTTrTllllllllllllin 

72 



Pinout Assignments 



Pin 
No. 


Assign 


Pin 
No. 


Assign 


Pin 
No. 


Assign 


Pin 
No. 


Assign 


Pin 
No. 


Assign 


Pin 
No. 


Assign 


100 ns 


80 ns 


1 


vss 


13 


A1 


25 


DQ22 


37 


MP1 


49 


1X38 


61 


DQ13 


- 


2 


DC30 


14 


A2 


26 


1X37 


38 


IVIP3 


50 


DQ24 


62 


DQ30 


- 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


Vss 


51 


1X39 


63 


DQ14 


- 


4 


DQ1 


18 


A4 


28 


A7 


40 


CASO 


52 


DQ25 


64 


DQ31 


- 


5 


DQ17 


17 


A5 


29 


NC 


41 


CAS2 


53 


DQ10 


65 


DQ15 


- 


6 


DQ2 


18 


A6 


30 


Vcc 


42 


CAS3 


54 


DQ26 


66 


NC 


- 


7 


DQ18 


19 


NC 


31 


A8 


43 


CAS1 


55 


DQ11 


67 


Vss 


Vss 


8 


DQ3 


20 


DQ4 


32 


NC 


44 


FV^SO 


56 


DQ27 


68 


NC 


NC 


9 


DQ19 


21 


DQ20 


33 


RAS3 


45 


RAS1 


57 


1X312 


69 


Vss 


NC 


10 


vcc 


22 


DQ5 


34 


RAS2 


46 


NC 


58 


DQ28 


70 


Vss 


Vss 


11 


NC 


23 


DQ21 


35 


MP2 


47 


WE 


59 


Vcc 


71 


NC 


- 


12 


AO 


24 


DQ6 


36 


IVIPO 


48 


NC 


60 


DQ29 


72 


Vss 


- 



Note: Vcc is the source, Vss is ground and NC is no connection. 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


VjN.VoUT 


-1 to +7 


V 


Voltage on Vqc supply relative to Vss 


Vcc 


-1 to +7 


V 


Operating temperature 


"^opr 


Oto70 


°C 


Storage temperature 


■^stg 


-40 to +125 


°C 


Power dissipation 


Pd 


12 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may c«cur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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I DYNAMIC RAM MSC2320A-XXYS9 i 



RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating 
temperature 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


V 




Vss 











V 


O^'Cto+ZO^C 


Input High Voltage, 
all inputs 


V|H 


2.4 


— 


6.5 


V 


Input Low Voltage, 
all inputs 


V|L 


-1.0 


— 


0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



N 



Parameter 


Symbol 


MSC2320A- 
8AYS9 


MSC2320A- 
1AYS9 


MSC2320A- 
80YS9 


MSC2320A- 
10YS9 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Mi-n. 


Max. 




Operating Current average 

power supply 

(RAS, CAS Address cycling) 


ICC1 


— 


840 


— 


720 


— 


840 


~ 


720 


mA 


Standby current power 
supply standby current 


ICC2 


— 


30 


— 


30 


— 


30 




30 


mA 


RAS only refresh current 
(RA$ only mode, MS cycling) 


ICC3 


— 


840 


— 


720 




840 




720 


mA 


Fast page mode current 


ICC4 


— 


640 


— 


620 




680 




620 


mA 


Standby current 


ICC5 


— 


18 


— 


18 




18 




18 


mA 


CAS before RAS refresh 
current 


ICC6 


— 


840 


— 


720 




840 




720 


mA 


Input leakage current 


ll(L) 


-120 


120 


-120 


120 


-120 


120 


-120 


120 


^A 


Output leakage current dout 
disagled 


IO(L) 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


HA 


Output high level 


lOH 


2.4 


— 


2.4 


— 


2.4 


— 


2.4 


— 


mA 


Output low level 


VOL 


— 


0.4 


— 


0.4 


— 


0.4 


— 


0.4 


V 



Note*: Ice 's dependent on output loading and cycle rates, 
output open. 



Specified values are obtained with the 
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CAPACITANCE 

(Vcc = 5 Volts ± 5%, f = 1 MHz, Tc = ~ 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Cii 


Input Capacitance (Aq -Ag) 




88 


pF 


Cl2 


Input Capacitance (W) 


— 


104 


pF 






— 


57 




Cl3 


Input Capacitance (RASO, RAS2) 


pF 






— 


36 




Cu 


Input Capacitance (CASO — RAS3) 


pF 


CDQi 


l/OCap(DQ0-DQ31) 


— 


17 


pF 


CDQ2 


I/O Cap (MPO — MP3) 


— 


22 


pF 



Capacitance measured with Boonton Meter. 
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Electrical Characteristics and Recommended AC Operating Conditions 





Parameter 


MSC2320A-8AYS9 


MSC2320A-1AYS9 


MSC2320A-80YS9 


MSC2320A-10YS9 


Units 




Symbol 


MIN. 


MAX 


MIN. 


MAX 


MIN. 


MAX 


MIN. 


MAX 


Notes 


tRC 


Random read or write cycle time 


160 


— 


190 


— 


160 


— 


190 


— 


ns 




tPC 


Fast page mode cycle time 


55 


— 


55 


— 


50 


— 


55 


— 


ns 




tRAC 


Access time from RAS 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2,7 


tCAC 


Access time from CAS 


— 


25 


— 


30 


— 


20 


— 


25 


ns 


2,7 


tAA 


Access time from Column address 


— 


40 


— 


50 


— 


40 


— 


50 


ns 


2,8 


tCPA 


Access time from CAS procharge 


— 


50 


— 


50 


— 


45 


— 


50 


ns 


2 


tCLZ 


CAS to output in Lo-Z 


— 





— 





— 





— 





ns 


2 


tOFF 


Output buffer turn-off delay 





20 





20 





20 





20 


ns 


3 


tT 


Transition time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


1 


tRP 


RAS procharge time 


70 


— 


80 


— 


70 


— 


80 


— 


ns 




tRAS 


RAS pulse width 


80 


10,000 


100 


10,000 


80 


10,000 


100 


10,000 


ns 




tRASP 


RAS pulse width (Fast page mode) 


80 


100,000 


100 


100,000 


80 


100,000 


100 


100,000 


ns 




tRSH 


RAS hold time 


25 


— 


30 


— 


20 


— 


25 


— 


ns 




tCSH 


CAS hold time 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




tCAS 


CAS pulse width 


25 


10,000 


30 


10,000 


20 


10,000 


25 


10,000 


ns 




tRCD 


RAS to CAS delay time 


25 


55 


25 


70 


22 


60 


25 


75 


ns 


7 


tRAD 


RAS to column address delay time 


20 


40 


20 


50 


17 


40 


20 


50 


ns 


8 


tCRP 


CAS to RAS precharge time 


10 


_ 


10 


— 


10 


— 


10 


— 


ns 




tCP 


CAS precharge time (Fast page mode) 


10 





10 


— 


10 


— 


10 


— 


ns 




tASR 


Row address set-up time 





— 





— 





— 





— 


ns 




tRAH 


Row address hold time 


15 


— 


15 


— 


12 


— 


15 


— 


ns 




tASC 


Column address set-up time 





— 





— 





— 





— 


ns 




tCAH 


Column address hold time 


15 


— 


20 


— 


15 


— 


20 


— 


ns 




tAR 


Column address hold time ref to RAS 


60 


— 


75 


— 


60 


— 


75 


— 


ns 




tRAL 


Column address to RAS lead time 


40 


— 


50 


— 


40 


— 


50 


— 


ns 




tRCS 


Read command set-up 





— 





— 





— 





— 


ns 




tRCH 


Read command hold time 





— 





— 





— 





— 


H CYCLE 



RAS 



\ 



CAS 



Address W ,H 

V IL - / 



DQ v oh- 
v 0i-~ 



• OPEN - 



NOTE WE = Don t care. A9 = Oon t care 



<RP 



^7 



• CAS BEFORE RAS REFRESH CYCLE 



RAS 



CAS v, H - 

V IL - 



DQ v oh -" 

V 0L 



<RPC 



•off 



<RC 



'RAS 



/ 



^//z Don 'I care 



NOTE: WE - Don't care. AO - A9 = Don ! care 
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• HIDDEN REFRESH READ CYCLE 



»CRP 

£- 

Vih- T 

CAS / 

VlL- J 



Address ^ / /X Row 



to- 



ymZZZMZMZMZZK 



V///////////////777777, 



Valid Data-out 



G2' 



• HIDDEN REFRESH WRITE CYCLE 



V| H - "f= 

CAS / 
Vil- J 



Address //XI R°w 

Vil 



Vih- 7 



W/////////////// 7HMZZ 



■ M/////////////////////// //, 



\ t//////////////////77777T/. 



E3 1 
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Old semiconductor 



MSC2328A-XX YS2/KS2 

262,144 BY 8 BIT DYNAMIC RAM MODULE 



GENERAL DESCRIPTION 

The Oki MSC2328A-XX YS2/KS2 is a fully decoded, 262,144 wordsx8 bit CMOS dynamic random 
access memory composed of two 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of two SOJs 
together with two 0.2 //F decoupling capacitors on a 30 pin glass epoxy Single-ln-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2328A-XX YS2/KS2are quite same as the original MSM514256A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 



FEATURES 

• 262,144 word x 8 bit Organization 

• Single =5V Supply (1 0% Tolerance) 

• 30-Pin Socket Insertable Module 

• Refresh Period ... 8ms (51 2 cycles) 

• All Inputs, Outputs, Clocks 
Fully TTL compatible 

• 3-States Outputs 

• Common CAS Control for two Common 
Data-in and Data-Out Unes 



Row Access Time; 

80ns max. (MSC2328A-8A/80 YS2/KS2) 
100ns max. (MSC2328A-1A/10 YS2/KS2) 

Low Power Dissipation; 

825mW max. (MSC2328A-8A/80 YS2/KS2) 
715mW max. (MSC2328A-1A/10 YS2/KS2) 

Operating Temperature ... 0°C to 70°C 



FUNCTIONAL BLOCK DIAGRAM 



RAS 
CAS 
WE 



A0-A8 




RAS 




CAS 




WE 




DQ 


OE 


VCC 


VSS 



" A0-A8 
-RAS 
- CAS 
" WE 



-XX- 
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PIN ASSIGNMENT 




r-trHrH^Hr-lr-lr-lrHi— I H M N NN IN N N N N N CO 

Q Q Q ^^Q'^^Q Q |05 ^ 



NO Q 



PIN No 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


1 


v C c 


1 1 


A4 


21 


WE 


2 


CAS 


12 


A5 


22 


VSS 


3 


DQ1 


13 


DQ4 


23 


DQ7 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


DQ8 


6 


DQ2 


16 


DQ5 


26 


NC 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


NC 


28 


NC 


9 


VSS 


19 


NC 


29 


NC 


10 


DQ3 


20 


DQ6 


30 


v C c 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on any pin relative to Vss 


V|N. VOUT 


-1 to +7 


V 


Voltage on Vcc supply relative to Vss 


vcc 


-1 to +7 


V 


Operating temperature 


T opr 


0to70 


°C 


Storage temperature 


T stg 


-55 to 150 


°C 


Power dissipation 


PD 


2 


W 


Short circuit output current 




50 


mA 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



361 



■ DYNAMIC RAM • MSC2328A- XX YS2/KS2 ■ 



RECOMMENDED OPERATING CONDITIONS (Referenced to v ss > 



Parameter 


Symbol 


Min. 


Typ 


Max 


Unit 


Operating 
temperature 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




vss 


0 


0 


0 


V 


0°Cto +70°C 


Input High Voltage, 
all inputs 


V| H 


2 4 




6.5 


V 


Input Low Voltage, 
all inputs 


V|L 


-1.0 




0.8 


V 





DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


MSC2328A- 
8AYS2/KS2 


MSC2328A- 
1AYS2/KS2 


MSC2328A- 
80YS2/KS2 


MSC2328A- 
10YS2/KS2 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Operating Current* 

Average power supply current 

(RAS, CAS cycling; tRC - min.) 


•CC1 




150 




130 




150 




130 


mA 


Standby Current* 
Power supply current 
(RAS t=CAS=V| H ) 


! CC2 
(TTL) 


— 


4 


— 


4 


— 


4 


— 


4 


mA 


'CC2 
(MOS) 




2 




2 




2 




2 


mA 


REfresh Current 1* 

Average power supply current 

(RAS cycling, CAS = V|h; *rc =min.) 


! CC3 




150 




130 




150 




130 


mA 


Refresh Current 2* 

Average power supply current 

(CAS before RAS; tRC s min) 


•cce 




150 




130 




150 




130 


mA 


Page Mode Current* 
Average power supply current 
(RAS = V|l. CAS cycling; tpc =min.) 


'CC7 




120 




120 




130 




120 


mA 


Input Leakage Current 
Input leakage current, any input 
(OV < V|n <5.5V, allother 
pins not under test = OV) 


«LI 


-20 


20 


-20 


20 


-20 


20 


-20 


20 


MA 


Output Leakage Current 
(Oata out is disabled, 
OV < V 0 UT ^ 5.5V) 


«L0 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


mA 


Output Levels 
Output high voltage 
(•OH = -5mA) 
Output low voltage 
(l OL = 4.2mA) 


VOH 

vol 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


2.4 


0.4 


V 
V 



Note*: Ice is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 



Parameter 


Symbol 


Max. 


Unit 


Input Capacitance (A 0 ~A 8 ) 


C|N1 


30 


PF 


Input Capacitance (RAS, CAS, WE) 


C|N2 


30 


PF 


Data Input/Output 
Capacitance (DQ) 


CDQ 


20 


PF 



Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(V CC = 5V ± 1 0%, Ta = 0 to +70°C) Note 1,2,3 



Parameter 


Symbol 


MSC2328A- 
8AYS2/KS2 


MSC2328A- 
1AYS2/ KS2 


MSC2328A- 
80YS2/KS2 


MSC2328A- 
10YS2/KS2 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Refresh period 


*REF 


— 


8 




8 


— 


8 


— 


8 


ms 




Random read or write cycle time 


*RC 


160 




190 




160 




190 




ns 




Fast page mode cycle time 


¥c 


55 




55 




50 




55 




ns 




Access time from RAS 


*RAC 




80 




100 




80 




100 


ns 


4,5,6 


Access time from CAS 


*CAC 




25 




30 




20 




25 


ns 


4,5 


Access time from column address 


*AA 




40 




50 




40 




50 


ns 


4,6 


Access time from CAS precharge 


X CPA 




50 




50 




45 




50 


ns 


4 


Output low impedance time from 
CAS 


*CLZ 


0 




0 




0 




0 




n s 


4 


Output buffer turn-off delay 


*OFF 


0 


20 


0 


20 


0 


20 


0 


20 


ns 




Transition time 


«T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


3 


RAS precharge time 


*RP 


70 


— 


80 


— 


70 


— 


80 


— 


ns 




RAS pulse width 


*RAS 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




RAS pulse width 

(Fast page mode cycle only) 


*RASP 


80 


100000 


100 


100000 


80 


100000 


100 


100000 


ns 




RAS hold time 


*RSH 


25 




30 




20 




25 




ns 




CAS precharge time 

(Fast page mode cycle only) 


*CP 


10 




10 




10 




10 




ns 




CAS pulse width 


*CAS 


25 


10000 


30 


10000 


20 


10000 


25 


10000 


ns 




CAS hold time 


*CSH 


80 


— 


100 


— 


80 




100 


— 


ns 




RAS to CAS delay time 


tRCD 


25 


55 


25 


70 


25 


60 


25 


75 


ns 


5 


RAS to column address delay time 


*RAD 


20 


40 


20 


50 


17 


40 


20 


50 


ns 


6 


CAS to RAS precharge time 


*CRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Row address set-up time 


*ASR 


0 




0 




0 




0 




ns 




Row address hold time 


*RAH 


15 




15 




12 




15 




ns 




Column address set-up time 


*ASC 


0 




0 




0 




0 




ns 




Column address hold time 


l CAH 


15 




20 




15 




20 




ns 




Column address hold time from RAS 


*AR 


60 




75 




60 




75 




ns 




Column address to RAS lead time 


*RAL 


40 




50 




40 




50 




ns 
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AC CHARACTERISTICS (CONT.) 



Parameter 


Symbol 


MSC2328A- 
8AYS2/KS2 


MSC2328A- 
-1AYS2/ KS2 


MSC2328A- 
80YS2/KS2 


MSC2328A- 
10YS2/KS2 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read command set-up time 


tecs 


0 





0 





0 





0 


_ 


ns 




Read command hold time 


toCH 


0 





0 





0 





0 





ns 


7 


Write command hold time from RAS 


*WCR 


60 





75 





60 





75 





ns 




Write command set-up time 


%CS 


0 





0 





0 





0 





ns 




Write command hold time 


twCH 


15 


- 


20 


- 


15 




20 


- 


ns 




Write command pulse width 


t WP 


15 




20 




15 




20 




ns 




Data-in set-up time 




0 




0 




0 




0 




ns 




Data-in hold time 


X DH 


15 


- 


20 


- 


15 




20 




ns 




Data-in hold time from RAS 


X DHR 


60 




75 




60 




75 




ns 




Read command hold time 
reference to RAS 


tRRH 


I u 




1 n 
l u 




I u 




I u 




ns 


7 


RAS to CAS set-up time 
(CAS before RAS) 


*CSR 


10 




10 




10 




10 




ns 




RAS to CAS hold time 
(CAS before RAS) 


tCHR 


30 




30 




30 




30 




ns 




CAS active delay from RAS 
precharge 


*RPC 


10 




10 




10 




10 




ns 




CAS precharge time 


*CPN 


10 




15 




10 




15 




ns 





Notes: 1 An initial paus e of 100 is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC characteristics assume at t j = 5 ns. 

3 V|h (min.) and V||_ (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between V|h and V||_. 

4 Measured with a load circuit equivalent to 2TTL + 1 00 pF. 

5 Operation within the tpcD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) 
is specified as a reference point only; if tpcD is ^eater than the specified tRCD (max.) 
limit, then access time is controlled exclusively by tQAC 

6 Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) 
is specified as a reference point only; if tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA- 

7 Either tRRH or tRCH must be satisfied for a read cycle. 
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READ CYCLE 



X 



: MW/, 



J 



ymiMMZMiiiiL 



V 0 H"_ 

vol-" 



WRITE CYCLE(EARLY WRITE) 
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FAST PAGE MODE READ CYCLE 



*RASP 




FAST PAGE MODE CYCLE (EARLY WRITE) 



, V |H - 
V| L - 



tRASP 



- 777777m : 



<WCH 'wcs 



mzzzza c=:w 



3®c 



<wch 'wcs 



W777777, 



>DS 'DH 
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RAS ONLY REFRESH CYCLE 



*RC 



RAS 



*RAS 



*CRP 



l RPC 



CAS J" 



V| H - 



■E ymmmmnzmmzzzzzzL 



V 0 H- 
V 0 L- 



NOTE: WE = Don't care, A9 = Don't care 



VA 



Don't care 



CAS BEFORE RAS AUTO REFRESH CYCLE 



RAs y- 



*CPN 



l CSR 



f RC 



\ 



! RAS 



f 



l RP 



*CHR 



DQ 



V|L - 



V 0 H -- 

vol 



l OFF 



> 



- OPEN - 



//^/^ Don't care 



NOTE: WE = Don't care. AO - A9 = Don't care 
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HIDDEN REFRESH READ CYCLE 



j 



j 



'////////////I/////////;. 



V 0 H 

vol- 



HIDDEN REFRESH WRITE CYCLE 



,V 1H - 
V|L- 



f 



•rah 'asc 

n 



::: W////////A : 



l iMMMMM Ml 



369 



OKI semiconductor 

MSC2340-XXYS9/KS9 

4,194,304 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 



GENERAL DESCRIPTION 

The Oki MSC2340-XXYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random 
access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs 
together with nine 0.2fiF decoupling capacitors on a 30 pin glass epoxy Single-ln-Line Package provides 
any application where high density and large capacity of storage memory are required. The electrical 
characteristics of the MSC2340-XXYS9/KS9 are quite same as the original MSM514100 JS; each 
timing requirements are noncritical, and power supply tolerance is very wide. 



FEATURES 

• 4,194,304 word x 9 bit organization 

• 30-Pin Socket Insertable Module 

• Family organization 



Family 


Access Time 
(MAX) 


Cycle Time 
(MIN) 


Power Dissipation 


Operating 
(MAX) 


Standby 
(MAX) 


"tRAC 




kAC 


MSC2340-8 YS9/KS9 


80 ns 


40 ns 


20 ns 


160 ns 


4455 mW 


49.5 mW 
(MOS level) 


MSC2340-8A YS9/KS9 


80 ns 


40 ns 


25 ns 


160 ns 


4455 mW 


MSC2340-10 YS9/KS9 


100 ns 


50 ns 


25 ns 


190 ns 


3960 mW 



• Single + 5 V supply, ± 1 0% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1 024 cycles/1 6 ms 

• Common CAS control for eight common Data-in and Data-out lines 

• Separate CAS control for one separate pair of Data-in and Data-out lines 

• CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 

• Multi bit test mode capability 
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PIN ASSIGNMENT 



MSC2340-XXYS9 



□n 



□□□i 



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



O 
30 



MSC2340-XXKS9 



□□n 



□oi 



O 
30 



PIN No. 


PIN NAME 


PIN No. 


PIN NAME 


PIN No. 


PIN NAME 




v C c 


11 


A4 


21 


WE 


2 


Ca"5 


12 


A5 


22 


VSS 


3 


DQ1 


13 


D04 


23 


007 


4 


AO 


14 


A6 


24 


NC 


5 


A1 


15 


A7 


25 


D08 


6 


D02 


16 


DOS 


26 


09 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


A9 


28 


CA§9 


9 


VSS 


19 


A10 


29 


D9 


10 


DQ3 


20 


DQ6 


30 


V CC 



FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Conditions 


Value 


Unit 


Note 


Voltage on any pin 
relative to V$ s 


VT 


Ta = 25 °C 


- 1.0 to + 7.0 


V 


1 


Short circuit output 
current 


los 


Ta = 25 °C 


50 


mA 




Power dissipation 


Pd 


Ta = 25 °C 


9 


W 




Operating 
temperature 


Topr 




Oto +70 


°C 




Storage temperature 


Tstg 




-40 to +125 


°C 





RECOMMENDED OPERATING CONDITIONS 

(Ta = 0 to + 70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


2 


Vss 


0 


0 


0 


V 




Input high voltage 


V| H 


2.4 




6.5 


V 


2 


Input low voltage 


V, L 


-1.0 




0.8 


V 


2 



Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



2. All voltages are referenced to V$s- 
CAPACITANCE 

(Ta = 25°C, f= 1 MHz) 



Parameter 


Symbol 


TYP 


MAX 


Unit 


Input Capacitance (AotoAio) 


Qni 


55 


70 


PF 


Input Capacitance (RAS, CAS, "WE) 


C|N2 


55 


75 


PF 


Data Input/Output Capacitance (DQ1 to DQ8) 


Cdq 


12 


20 


PF 


Input Capacitance (CAS9) 


C|N3 


7 


15 


PF 


Input Capacitance (D9) 


C|N4 


7 


15 


PF 


Output Capacitance (Q9) 


COUT 


8 


15 


PF 



Capacitance measured with Boonton Meter. 
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DC CHARACTERISTICS 

(V CC = 5V± 10%,Ta = 0to + 70°C) 



Parameter 


Symbol 


Conditions 


MSC2340-8 
YS9/KS9 


MSC2340-8A 
YS9/KS9 


MSC2340-10 
YS9/KS9 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Output high voltage 


V 0 H 


I 0 h = ~ 5.0 mA 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


V 




Output low voltage 


Vol 


l OL = 4.2 mA 


0 


0.4 


0 


0.4 


0 


0.4 


V 




Input leakage current 


Ili 


0V< VI < 6.5V; 
all other pins 
not under 
test = 0 V 


90 


90 


90 


90 


90 


90 


uA 




Output leakage 
current 


Ilo 


DQ1 -8,Q9 = 
disable 

0 V<> VO'- 5.5 V 


-10 


10 


- 10 


10 


- 10 


10 


uA 




Average power 
supply current 
(Operating) 


'CC1 


~RAS, CAS, CAS9~ 

cycling, 

t RC = min 


- 


810 


- 


810 


- 


720 


mA 


1,2 


Power supply current 
(Standby) 


>CC2 


RAS = V IH 
CAS, CAS9 

-V,h 

DQ1 -8, 
Q9 =Hz 


TTL 


- 


18 


- 


18 


- 


18 


mA 




MOS 




9 




9 




9 


Average power 
supply current 
(RAS only refresh) 


ICC3 


RAS cycling, 
CAS, CAS9 = V IH 
t RC = min 


- 


810 


- 


810 


- 


720 


mA 


1,2 


Power supply current 
(Standby) 


ices 


RAS = V IH 
CAS,CAS9 = V IL 
DQ1-8,Q9 
= enable 




45 




45 




45 


mA 


1 


Average power 
supply current 
(CA5 before RAS 
refresh) 


'CC6 


RAS cycling, 
CAS before RAS 




810 




810 




720 


mA 


1 


Average power 
supply current 
(Fast page mode) 


ICC7 


RAS = V IL , 
CAS, CAS9 

cycling 
t PC = min 




720 




720 




630 


mA 


1,3 



Notes: 1 . Ice is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 

2. Address can be changed once or less while RAS = V| L . 

2. Address can be changed once or less while CAS = V iH . 
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AC CHARACTERISTICS 

(V CC = 5V± 10%,Ta = 0to +70°C) Note1,2, 3, 9,10 



Parameter 


Symbol 


MSC2340-8 
YS9/KS9 


MSC2340-8A 
YS9/KS9 


MSC2340-10 
YS9/KS9 


Unit 


Note 


MINI 

IVI 1 IM 


MAY 

IVI AAA 


MINI 

IVI 1 IM 


MAY 
IVIMA 


IVI 1 IM 


MAX 

IVI/-\A 


Random read or write cycle time 


tRC 


1 fin 

I ou 




1 fin 




1 -?U 




ns 




Fast page mode cycle time 


tpc 










fiR 

OD 




ns 




Access time from RAS 


tRAC 




ou 




oU 




1 nn 


ns 


4. 5 


Access time from CAS 


*CAC 




20 




25 




25 


ns 


4. 5 


Access time from column address 


*AA 


- 


40 


- 


40 




50 


ns 


4.6 


Access time from CAS precharge 


tCPA 


- 


45 


- 


45 




55 


ns 


4 


Output low impedance time from CAS 


kLZ 


0 


- 


0 


- 


0 


- 


ns 


4 


Output buffer turn-off delay time 


toFF 


0 


20 


0 


20 


0 


25 


ns 


7 


Transition time 


u 


3 


50 


3 


50 


3 


50 


ns 


3 


Refresh period 


tREF 


- 


16 


- 


16 


- 


16 


ms 




RAS precharge time 


tRP 


70 


- 


70 


- 


80 


- 


ns 




RAS pulse width 


tRAS 


80 


10,000 


80 


10,000 


100 


10,000 


ns 




RAS pulse width (Fast page mode) 


*RASP 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




RAS hold time 


tRSH 


20 


- 


25 


- 


25 


- 


ns 




CAS precharge time 


tcp 


10 


- 


10 


- 


10 


- 


ns 




CAS pulse width 


*CA$ 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




CAS hold time 


tc$H 


80 


- 


80 


- 


100 


- 


ns 




CAS to RAS precharge time 


tCRP 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS delay time 


tRCD 


22 


60 


25 


55 


25 


75 


ns 


5 


RAS to column address delay time 


tRAD 


17 


40 


20 


40 


20 


50 


ns 


6 


Row address set-up time 


USR 


0 




0 




0 




ns 




Row address hold time 


tRAH 


12 




15 




15 




ns 




Column address set-up time 


Use 


0 




0 




0 




ns 




Column address hold time 


kAH 


15 




15 




20 




ns 




Column address hold time from"RAS 


*AR 


60 




60 




75 




ns 




Column address to RAS lead time 


tRAL 


40 




40 




50 




ns 
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AC CHARACTERISTICS (Continued) 



Parameter 


Symbol 


MSC2340-8 
YS9/KS9 


MSC2340-8A 
YS9/KS9 


MSC2340-10 
YS9/KS9 


Unit 


Note 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read command set-up time 


*RCS 


o 




o 




o 




ns 




Read command hold time 


"tRCH 


0 


_ 


0 


_ 


0 


_ 


ns 


8 


Read command hold time reference to 
RA3 


*RRH 


10 




10 




10 




ns 


8 


Write command set-up time 


twcs 


0 




0 




0 




ns 




Write command hold time 


t\A/CH 


15 




15 




20 




ns 




Write command hold time from RAS 


twCR 


60 


- 


60 


- 


75 


- 


ns 




Write command pulse width 


t\/yp 


15 




15 




20 




ns 




\A/ritp rnmrnanrl tn RA*% Ipp^H timp 


^RWL 










25 




ns 




Write command to CAS lead time 


tcWL 


20 


- 


25 


- 


25 


- 


ns 




Data-in set-uptime 


tDS 


0 


— 


0 


— 


0 


— 


ns 




Data-in hold time 


*DH 


15 




15 




20 




ns 




Data-in hold time from RAS 


tDHR 


60 


- 


60 


- 


75 


- 


ns 




CAS active delay time from RAS 
precharge 


"tRPC 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS set-up time (CAS before 
RAS) 


kSR 


10 


- 


10 


- 


10 


- 


ns 




RAS to CAS hold time (CAS before 
RAS) 


tCHR 


20 


- 


20 


- 


20 


- 


ns 




CAS precharge time (Refresh counter 
test) 


tCPT 


4U 




4U 




bU 




ns 




WE"to RAS precharge time (CAS 
before RAS) 


t\A/RP 


10 




10 




10 




ns 




wThold time from RAS (CAS before 
RAS) 


t\A/RH 


20 




20 




20 




ns 




RAS to WE set-up time (Test mode) 


twSR 


10 




10 




10 




ns 




RAS to WE hold time (Test mode) 


tWHR 


20 




20 




20 




ns 
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Notes: 1. An initial pause of 200 us is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 

2. The AC characteristics assume tj = 5 ns. 

3. Vih (min.) and V| L (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between V )H and Vil- 

4. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

5. Operation within the t R co (max.) limit insures that tR A c (max.) can be met. tRCD 
(max.) is specified as a reference point only; if t R co is greater than the specified 
tRCD (max.) limit, then access time is controlled exclusively by t CA c- 

6. Operation within the t RA p (max.) limit insures that t RA c (max.) can be met. t RAD 
(max.) is specified as a reference point only; if t RAD is greater than the specified 
t RAD (max.) limit, then access time is controlled exclusively by t AA . 

7. t 0 FF (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

8. Either t RRH or t R cH must be satisfied for a read cycle. 

9. The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 
RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal, 
the data output pin will indicate a high level. If any internal bits are not equal, 
then data output pin will indicate a low level. 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 

10. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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WRITE CYCLE (EARLY WRITE) 



tRC 




Q9 



V 0 H- 
VOL-" 



. OPEN , 
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FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



*RASP 



A0-A10 
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RAS ONLY REFRESH CYCLE 



CAS V IH - 
CAS 9 V, L -. 



DQ1-8 V OH ~_ 
Q9 Vql - 



*cgp 



tgc 



*RAS 



t RPC , 



NOTE: WE,A10 = "H"or"L" 



CAS BEFORE RAS AUTO REFRESH CYCLE 



VlL 



CAS V,h ~ 
CAS9 V, L -. 



DQ1 -8 V 0H - 
Q9 Vol ~ 



S 



kSR 



tRAS 



_JCHR 



twRP^ 





tQFF 




V 

/ 


> 



tRC 



tRP 



tRPC 



twRP 



NOTE: A0-A10 = "H"or"L" 
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HIDDEN REFRESH READ CYCLE 



CAS V 1H 
CAS9 V, L 



Vil 



Vih 



DQ1-8 Voh" 
D9 Vql " 



t£RP 




*ASR 



tRC 



*RAS 



tRCD 



*RSH 



tRAO 



tRAH 



*RCS 



kHR 



*RAS 



*RAC 



tRRH twRP 



HIDDEN REFRESH WRITE CYCLE 



tRC 



*RAS 



*RP 



*RAS 



*RCD 



, *RSH 



kHR 
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CAS BEFORE RAS REFRESH COUNTER TEST 
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TEST MODE INITIATE CYCLE 
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MSC2340YS9 



27.94 



1 

15.24 



1 

10.16 



-88.90- 
82.14- 



E 



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn: 



2.54- 
-1.5R 



:innnnD|^ac 



*•— 5.28 MAX. 



1.78 
73.66 



0.25 MAX 

2.28 ±0.13 



+ 0 15 
1.27 -0.00 



NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT PADS ... . Pb /Sn or Au PLATING 

3) 4Mx1 DRAM x 9 pes 




NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT LEAD ... . Pb/Sn SOLDER 

3) SEATING PLANE (PAI 0.83, PITCH 2.54) 

4) 4M x 1 DRAM x 9 pes 
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MOS1 
STATIC 
RAMS 



fl MOS STATIC RAMS 

MSM51 65AL 8,1 92-Word x 8-Bits RAM (CMOS) 387 

MSM51 88 1 6,384-Word x 4-Bits RAM (CMOS) 394 

MSM51 257AL 32,768-Word x 8-Bits RAM (CMOS) 399 

MSM51257ALL 32,768-Word x 8-Bit CMOS STATIC RAM 406 

MSM51 256 32,768-Word x 8-Bits RAM (CMOS) 41 3 




MSM5165AL 

8,192-WORD x 8-BIT CMOS STATIC RAM (E3-S-017-32) 



GENERAL DESCRIPTION 

The MSM51 65ALRS/GS is a 8192-word by 8-bit CMOS static RAM featuring 5V power supply operation and direct TTL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnecessary, 
making this device very easy to use. The MSM51 65ALRS/GS is also a CMOS silicon gate device which requires very low 
power during standby (standby current of 100/uA) when there is no chip selection. 

A byte system is adopted, and since there is pin compatibility with standard ultra-violet EPROMs, this device is ideal for use as 
a peripheral memory for microcomputers and data terminal units etc. In addition, CE"i CE 2 and OE signals enable OR ties with 
the output terminals of other chips, thereby facilitating simple memory expansion and bus line control etc. 



FEATURES 

• Single 5V Supply 

• 0 o C~70°C 

• Low Power Dissipation 

Standby; 0.55 mW MAX 
Operation; 330 mW MAX 

• High Speed (Equal Access and Cycle Time) 

100-150 ns MAX 



• Direct TTL Compatible. (Input and Output) 

• 3-State Output 

• Pin Compatible with 

64K EPROM (MSM2764) 

• 28-pin DIP PKG 

• 28-pin FLAT PKG 




PIN CONFIGURATION 

(Top View) 



NcfT V " 


y - 

28]V CC 




27] WE 


A,[T 


26] CE, 


A S [T 




A. [7 


ek 


a.e 


H A„ 


A.[7 


22] OE 


A ; (T 


ZD A , r 


A 'GE 


20] CE, 


a„ Qo 


Tg] "0, 


•».Q7 


JJ] I/O. 


I/O, (72 


T7J i/o, 


l/0,[73 


us] i/o, 


VssEl 


Ti] i/o 4 



^0 ~ ^12 

I/O! - l/0 8 
CE,, CE 2 
WE 
OE 

v cc v ss 



; Address INPUTS 
: Data Input/Output 
: Chip Select 
: Write Enable 
; Output Enable 
: Supply Voltage 




PIN CONFIGURATION 

) View) 




^0 ~ ^12 

I/O, - i/o 8 

CE..CE, 

WE 

OE 

vcc v ss 



: Address INPUTS 

: Data Input/Output 

: Chip Select 

: Write Enable 

i Output Enable 

: Supply Voltage 
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FUNCTIONAL BLOCK DIAGRAM 



A s O- 
A 6 O- 
A 7 O- 
A 8 O— 
A 9 O- 
A l0 O- 
A n O- 
A 12 0- 



ROW 
tgZZlSELECT 



MEMORY ARRAY 
256 ROWS 
32 COLUMNS 
x 8 BLOCK 



I/O, O- 
l/0 2 O- 
l/0 3 O- 
I/O4 O- 
l/O s o- 
l/0 6 o- 
l/O, O- 
l/0 8 O- 



3Zr 



INPUT 
DATA 
CON 
TROL 



COLUMN I/O 
CIRCUITS 
COLUMN SELECT 



A 0 A! A 2 A 3 A 4 



Jo 



J 
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TRUTH TABLE 



Mode 


CE, 


CE 2 


WE 


OE 


I/O Operation 


Standby 


H 


X 


X 


X 


High Z 


X 


L 


X 


X 


Read 


L 


H 


H 


H 


High Z 


L 


H 


H 


L 


D OUT 


Write 


L 


H 


L 


X 


D|N 



X : H or L 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Conditions 


Supply Voltage 


v C c 


-0.3 to 7.0 


V 


Respect to GND 


Input Voltage 


V|N 


-0.3 to Vcc + 0.3 


V 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 




Power Dissipation 


PD 


1.0 


W 


Ta = 25° C 



RECOMMENDED OPERATING CONDITION 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Supply Voltage 


vcc 


4.5 


5 


5.5 


V 


5 V ± 10% 


v S s 




0 




V 




Data Retention Voltage 


V CCH 


2 


5 


5.5 


V 




Input Voltage 


V| H 


2.2 




V C C + 0.3 


V 


5 V ± 10% 


V|L 


-0.3 




0.8 


V 


Output Load 


c L 






100 


pF 




TTL 






1 
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DC CHARACTERISTICS 

(V C C = 5V ±10%, T a = 0°C to +70°C) 



Paramter 


Symbol 


MSM5165AL 


Unit 


Test Condition 


Min. 


Typ. 


Max. 


Input 

Leakage 

Current 


'LI 


-1 




1 


MA 


V|N = Oto Vqc 


Output 
Leakage 
Current 


«LO 


-1 




1 


ma 


CE i =V, H orCE 2 = V, L or 
OE = V| H 
V|/ O = 0to v C c 


Output 
Voltage 


VOH 


2.4 






V 


Iqh = -1 mA 


VOL 






0.4 


V 


Iql = 2.1 mA 


Standby 

Supply 

Current 


• CCS 




2 


100 


MA 


CE, > V CC - 0.2V, CE 2 > V C C - 0.2V 
V| N = 0 to V CC 


CE 2 ^0.2V 
V|N c Oto Vqc 


•CCS1 






3 


mA 


CE, = V, H( CE 2 = V, L 


Operating 

Supply 

Current 


'CCA 






© 


m A 


Tcyc = Min Cycle, IquT = 0 mA 


15 


TcYC = 1 MS, IQUT = 0 mA 



© 5165AL-10 60mA 5165AL-12 55 mA 51 65AL-1 5 50 mA 

AC CHARACTERISTICS 

Test Condition 



Parameter 


Conditions 


Input Pulse Level 


V| H =2.4V, V, L =0.6V 


Input Rise and Fall Times 


10 ns 


Input and Output 
Timing Reference Level 


1.5V 


Output Load 


C L =100pF, 1 TTL Gate 



READ CYCLE 

(V cc = 5V ± 10%, T a = 0°C to 70° C) 



Parameter 


Symbol 


MSM5165AL-10 


MSM5165AL-12 


MSM5165AL-15 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


100 




120 




150 




ns 


Address Access Time 


tAC 




100 




120 




150 


ns 


Chip Enable Access Time 


x CO 




100 




120 




150 


ns 


Output Enable to Output Valid 


tOE 




50 




60 




70 


ns 


Chip Selection to Output Active 


*CX 


10 




10 




10 




ns 


Output Hold Time From 
Address Change 


^HA 


10 




10 




15 




ns 


Output Enable to Output Active 


tox 


5 




5 




5 




ns 


Output 3-state from Output Disable 


tOTD 


0 


35 


0 


40 


0 


50 


ns 


Output 3-state from Chip Deselectio 


n ^TD 


0 


50 


0 


60 


0 


70 


ns 
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READ CYCLE 



tRC * 


< 


- 1 


'AC * 






*'/////// 


*co — ► 

S 


\ 
/ 


k\\\\ 


WWW 




+ X CT 


} ► 






V//// 


'/// 


w 










- r OTD-^ 






>/// 




w 








tOHA 




I/O ^ 


<^ DATA OUT VALID >^ 





Notes: 1 . A Read occurs during the overlap of a low CE~i , a high CE 2 , a low OE and a high WE. 

2. tcx is specified from CE~i or CE 2 whichever occurs last. 

3. tfjjQ is specified from CEj or CE 2 whichever occurs first. 

4. tQHA and t OTD are specified by the time when DATA OUT is floating. 



WRITE CYCLE 

(V cc = 5V ± 10%, T a = 0°C to +70° C) 



Item 


Symbol 


MSM5165AL-10 


MSM5165AL-12 


MSM5165AL-15 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


100 




120 




150 




ns 


Address to Write Setup Time 


tAS 


0 




0 




0 




ns 


Write Time 


t w 


60 




70 




90 




ns 


Write Recovery Time 


*WR 


15 




15 




15 




ns 


Data Setup Time 


*DS 


40 




50 




60 




ns 


Data Hold from Write Time 


t DH 


0 




0 




0 




ns 


Output 3-State from Write 


*OTW 


0 


35 


0 


40 


0 


50 


ns 


Chip Selection to End of Write 


l cw 


80 




100 




120 




ns 


Address Valid to End of Write 


*AW 


80 




100 




120 




ns 


Output Active from End of Write 


*WX 


5 




5 




5 




ns 



1 . A Write Cycle occurs during the overlap of a low CETj , a high CE 2 and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. t^S ' s specified from CE l , CE 2 or WE, whichever occurs last. 

4. t\/y is an overlap time of a low CF t , a high CE 2 and a low WE. 

5. ty\/R, tQS anc * t DH are specified from CE t , CE 2 or WE, whichever occurs first. 

6. tQTW is specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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WRITE CYCLE 



A 0 ~ A , 



ZX 



\ 



CE, 



-twc- 



X 



-t w - 



xzzz zzzzzzzz 



-t AW - 



^^\\\\\W 



WE 



I/O (D, N ) 



I/O (D 0U t) 



-tew- 



-tDS" 



tQTW 



-t DH- 



DATA IN STABLE 



LOW Vcc DATA RETENTION CHARACTERISTICS 

(T a - 0°C to +70°C, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Vcc * or Data Retention 


V CCH 


2 




5.5 


V 


CE, ^ V C C " 0.2V, CE 2 ^ V C C " °- 2v 


CE 2 ^ 0.2V 


Data Retention Current 


'CCH 




1 


50 


ma 


V C c = 3V, CE, S= V C C - 0.2V 
CE 2 ^V C C-0.2V 


V C C = 3V,CE 2 ^0.2V 


CS to Data Retention Time 


x su 


0 






ns 




Operation Recovery Time 


tR 


*tRC 






ns 





*tpc : Read Cycle Time 
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CE X CONTROL 




CE 2 CONTROL 




CAPACITANCE 

(Ta - 25°C, f = 1MHz) 



Parameter 


Symbol 


Mm. 


Typ. 


Max. 


Unit 


Input/Output Capacitance 


Ci/O 






10 


pF 


Input Capacitance 


C|N 






6 


pF 



Note: This parameter is periodically sampled and not 100% tested. 
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MSM51 88 

16,384-WORD X 4-BIT HIGH SPEED STATIC CMOS RAM 



GENERAL DESCRIPTION 

The MSM51 88RS is a static CMOS RAM organized as 1 6384 words by 4 bits. It features 5V single power 
supply operation and direct TTL input/output compatibility. Since the circuitry is completely static, external 
clock and refreshing operations are unnecessary which makes this device very easy to use. 

The MSM5188RS is offered in a 22-pin slim package. 



FEATURES 

• Single 5V supply (±10%) 

• Completely static operation 

• Operating temperature range Ta = 0 to 70°C 

• Low power dissipation 

Standby 1 1 mW MAX 

Operation 605 mW MAX 



Access time 

45/55/70 ns MAX 
Direct TTL compatible (Input and output) 
3-State output 

22 pin DIP PKG (300 mil width) 




PIN CONFIGURATION 



As [T 






A7 DE 




Zl] A 9 






Ho] A 10 


As[T 




Til A " 


A4|~5 




Ta] Ai 2 


Ao[~6 




771 a 13 


Ai[T 




Te| 1/O1 


A2|~8 




TF| l/Oa 


AafT 




"TT| l/Oa 


cs fTo" 




T5] i/o 4 


v ss["TT 




Til we 



Pin Names 


Function 


AotoAi3 


Address input 


I/0 1 to I/O 4 


Data input/output 


cs 


Chip Select 


WE 


Write Enable 


v cc- v ss 


Supply Voltage 



FUNCTIONAL BLOCK DIAGRAM 



-J 1 




-o 






T> 




3 % 






D 

3 




1 



ROW 
SELECT 



MEMORY ARRAY 
512ROWW 
32COLUMNS 
x 4 BLOCK 




INPUT 




DATA 




CONTROL 







COLUMN I/O 
CIRCUIT 
COLUMN SELECT 



Ao A, A 2 As A4 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


v C c 


Ta = 25°C Respect to V$s 


-0.3 to 7.0 


V 


Input Voltage 


V|N 


-0.3 to 7.0 


V 


Power Dissipation 


PD 


Ta = 25°C 


1.0 


W 


Operating Temperature 


Topr 




0 to +70 


°C 


Storage Temperature 


Tstg 




-55 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


vcc 




4.5 


5.0 


5.5 


V 


"H" Input Voltage 


V| H 


V C C=5V± 10% 


2.2 




V C C +0-3 


V 


"L" Input Voltage 


V|L 


-0.3 




0.8 


V 


Output Load 


CL 








30 


PF 


N 


TTL Load 






1 




* When pulse width is equal to or smaller than 20 ns, Vjh max = Vcc + 1 ov , V|l min = -1 .0V. 




DC CHARACTERISTICS 

(Vcc = 5V±1 0%, Ta = 0°C to 70°C) 












Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Input Leakage Current 


"LI 


VI = 0 to V C c 


-1 




1 


M A 


Output Leakage Current 


lLO 


CS=V, H 

Vl/O =0toV cc 


-1 




1 


MA 


"H" Output Voltage 


V 0 H 


l 0H =-4 mA 


2.4 






V 


"L" Output Voltage 


vol 


lOL = 8 mA 






0.4 


V 


Standby Supply Current 


'ccs 


CS > V C C -0.2V 
VIN S 0.2V OR 
VIN ^V C C-0-2V 






2 


mA 




'CCSi 


CS=V, H 

Tcyc = mm cycle 






30 


mA 


Operating Supply Current 


"CCA 


Min cycle, 

lOUT = 0 mA 






110 


mA 
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CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Condition 


Min. 


Max. 


Unit 


Input Capacitance 


C| 


V| =0V 




6 


PF 


«l/0 Capacitance 


C|/0 


V|/ 0 =OV 




8 


PF 



AC CHARACTERISTICS TEST CONDITIONS 



Parameter 


Conditions 


Input Pulse Level 


V|H = 


= 3.0V,V| L = 0V 


Input Rise and Fall Times 


5 ns 


Input/Output Timing Reference Level 


1.5V 


Output Load 


CL = 


30 pF, 1 TTL GATE 



READ CYCLE 

(V CC = 5V±1 0%, Ta = 0°C to 70°C) 



Parameter 


Symbol 


5188-45 


5188-55 


5188-70 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


T RC 


45 




55 




70 




ns 


Address Access Time 


T AC 




45 




55 




70 


ns 


Chip Select Access Time 


T CO 




45 




55 




70 


ns 


Chip Selection to Output Active 


T CX 


5 




5 




5 




ns 


Output Hold Time from 
Address Change 


TOHA 


5 




5 




5 




ns 


Output 3-state from 
Deselection 


TOTD 


0 


25 


0 


25 


0 


30 


ns 


Chip Selection to Power 
up Time 


Tp(J 


0 




0 




0 




ns 


Chip Deselection to Power 
Down Time 


TPD 


0 


45 


0 


55 


0 


70 


ns 



Notes: 1. Read Condition: During the overlap of a low CS and a high WE. 

2. Tqx and Tqtd are measured ±200 mV from steady state voltage with specified loading 
in Figure 2. 



396 



■ STATIC RAM • MSM5188 ■ 



5V 



5V 



D OUT- 



255H 



480O 



±30 pF 
CL 



DOUT- 



255H< 



. 480 n 



J_5pF 



Note: CL includes 
scope and jig. 



Figure 1 Output Load 



Figure 2 Output Load 



WRITE CYCLE 

(V CC = 5V±1 0%, Ta = 0°C to 70°C) 



Parameter 


Symbol 


5188-45 


5188-55 


5188-70 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


TWC 


45 




55 




70 




ns 


Chip Selection to End of Write 


TCW 


40 




45 




55 




ns 


Address Valid to End of Write 


T AW 


40 




45 




55 




ns 


Address to Write Setup Time 


T A S 


0 




0 




0 




ns 


Write Time 


T W 


40 




45 




55 




ns 


Write Recovery Time 


T WR 


5 




5 




5 




ns 


Data Setup Time 


Tds 


25 




25 




30 




ns 


Data Hold from Write Time 


T DH 


0 




0 




0 




ns 


Output 3-state from Write 


T OTW 


0 


20 


0 


25 


0 


30 


ns 


Output Active from End of Write 


T OW 


0 




0 




0 




ns 



Notes: 1. Write condition: During the overlap of a low CS and a low WE. 

2 - T AS is specified from a low CS or a low WE, whi chever occurs last after the address is set. 

3. Tyy is an overlap time of a low CS and a low WE. _ 

4. Twr, Tqs and T DH are specified from a high CS or a high WE, whichever occurs first. 

5 - T OTW and T OW are measured ±200 mV from steady state voltage with specified loading 
in Figure 2. 

6. When I/O pins are Data output mode, don't force inverse input signals to those pins. 



READ CYCLE TIMING 1 



Ao ~ A13 



TRC 



tac 



tqha 



D OUT 



xxxx 



Valid Data 
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READ CYCLE TIMING 2 



CS- 



D OUT- 



'CO 



TcX 



Open 



Tpu 



<xx 



T OTD 



Valid Data 



'CC 

Power Supply. 



WRITE CYCLE TIMING 1 

(WE Control) 



^PD 



Open 



7^50% 



50% ^ 



Ao~Ai3 ) ^ 



CS IXZ^L 



WE • 

Din] 

DOUT 



TWC 



T CW 



TAS 



taw 



2 £ZZ2ZZ 



Tw 



TPS 







i Valid Dat 





I 



T WR r | 



T DH 



TQTW 



TOW 



Open 



WRITE CYCLE TIMING 2 

(CS Control) 



Ao~Ai3 ) ( 



*AS- 
CS ~ 



TWC 



T CW 



'AW 



D|N ~ 
□OUT 



"Tw 



T DS 



T WR 



z fZZZZZZZ 



Idk 



) ( Valid Data ) ( 
_IOTW_^ 

ZD 



Open 
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OI€.I semiconductor 



MSM51257AL 



32,768-WORD x 8-BIT CMOS STATIC RAM 



GENERAL DESCRIPTION 

The MSM51 257ALRS/GS is a 32768-word by 8-bit CMOS RAM static RAM featuring 5V power supply operation and 
direct TTL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51 257ALRS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 100/uA) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 
and bus line control etc. 



FEATURES 

• Single 5V Supply 

• 0°C~ 70°C 

• Low Power Dissipation 

Standby; 0.55 mW MAX 
Operation; 385 mW MAX 

• High Speed (Equal Access and Cycle Time) 

85-120 ns MAX 



• Direct TTL Compatible. (Input and Output) 

• 3-State Output 

• 28-pin DIP PKG 

• 28-pin FLAT PKG 




PIN CONFIGURATION 

(Top View) 





m v C c 


a DE 


IE WE 


A.[T 




A.fT 


IE A. 


A.fJ 


Ek 


A.[T 


TTJ A 


A (Z 


22] Of 


*. [T 


ID A 


A [7 


Is} cs 


A.Qo 


"19)1/0. 


mo QT 


3,0 


i'o. QT 


m-o. 




yj] i'o. 




7s] i'o. 



A 0 ~ A, 4 : Address INPUTS 

I/O, ~ l/0 8 : Data Input/Output 

CS" : Chip Select 

WE : Write Enable 

OE ; Output Enable 

V cc , V ss : Supply Voltage 



PIN CONFIGURATION 



(Top View) 



A, «d O 


3 v cc 




27) Wt 


*-E 


B) A,, 


A, LT 


Da. 


A.(T 


23*. 


A.fT 


m a 


A LL 




A,d 


2Da.. 


A, E 


22] cs 


A. QO 


1?) I/O. 


.10 e 


3D 1/0 


1/0. qt 


ID "o. 




yj) 1/0. 


vssE 


Ti) 1/0. 



A 0 ~A )4 : Address INPUTS 
I/O, - l/0 8 : Data Input/Output 
CS" : Chip Select 

WE : Write Enable 

0~E ; Output Enable 

V CC< V SS : Su PP'v Voltage 
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FUNCTIONAL BLOCK DIAGRAM 



A 6 O- 
A 7 O- 



A 8 O- 
A, O- 



Aio O- 



SELECT 



ROW 



MEMORY ARRAY 
512 ROWS 
64 COLUMNS 
x 8 BLOCK 



-O Vcc 
-O Vss 




400 



■ STATIC RAM • MSM51257AL ■ 

TRUTH TABLE 



Mode 


CS 


WE 


OE 


I/O Operation 


Standby 


H 


X 


X 


High Z 


Read 


L 


H 


H 


High Z 


L 


H 


L 


DOUT 


Write 


L 


L 


X 


D|N 



X : H or L 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Conditions 


Supply Voltage 


v cc 


-0.3 to 7.0 


V 


Respect to GND 


Input Voltage 


V|N 


-0.3 to Vcc + 0 3 


V 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 




Power Dissipation 


PD 


1.0 


W 


Ta = 25° C 



RECOMMENDED OPERATING CONDITION 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Supply Voltage 


v C c 


4.5 


5 


5.5 


V 


5V ± 10% 


v S s 




0 




V 




Data Retention Voltage 


V C cH 


2 


5 


5.5 


V 




Input Voltage 


V| H 


2.2 




V C C + 0.3 


V 


5 V ± 10% 


V|L 


-0.3 




0.8 


V 


Output Load 


c L 






100 


pF 




TTL 






1 
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DC CHARACTERISTICS 

(V C C = 5V ±10%, T a = 0°C to +70°C) 



Pa ramter 


Symbol 


MSM51257AL 


Unit 




Min. 


Typ. 


Max. 


Input 

Leakage 

Current 


'LI 


-1 




1 


MA 


V| N = 0 to Vqc 


Output 
Leakage 
Current 


'LO 


-1 




1 


ma 


CS = V|H or 

OE = V, H 

V|/ O = 0to Vqc 


Output 
Voltage 


v OH 


2.4 






V 


lOH = -1 mA 


vol 






0.4 


V 


Iql = 2.1 mA 


Standby 

Supply 

Current 


'CCS 




2 


100 


juA 


CS ^V CC -0.2V 
V| N = 0 to V CC 


'CCS1 






3 


mA 


CS = V| H 


Operating 

Supply 

Current 


'CCA 






© 


mA 


MIN CYCLE, Iqut z 0mA 



© 51257AL-85 80 mA 51257AL-10/12 70 mA 

AC CHARACTERISTICS 

Test Condition 



Parameter 


Conditions 


Input Pulse Level 


V| H = 2.4V, V| L = 0.6V 


Input Rise and Fall Times 


5ns 




Input and Output 
Timing Reference Level 


1.5V 


Output Load 


C L =100pF, 1 TTL Gate 



READ CYCLE 

(V cc = 5V ± 10%, T a = 0°C to 70°C) 



Parameter 


Symbol 


MSM51257AL-85 


MSM51257AL-10 


MSM51257AL-12 


Unit 


Min. 


Max. 


Min'. 


Max. 


Min. 


Max. 


Read Cycle Time 


*RC 


85 




100 




120 




ns 


Address Access Time 


tAC 




85 




100 




120 


ns 


Chip Enable Access Time 


tco 




85 




100 




120 


ns 


Output Enable to Output Valid 


tOE 




45 




50 




60 


ns 


Chip Selection to Output Active 


*CX 


10 




10 




10 




ns 


Output JHold Time From 
Address Change 


t OHA 


5 




10 




10 




ns 


Output 3-state from Output Disable 


t OTD 




30 




35 




35 


ns 


Output 3-state from Chip 
Deselection 


t CTD 




30 




35 




35 


ns 


Output Enable to Output Active 


*ox 


5 




5 




5 




ns 
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READ CYCLE 



Aq~A 14 ^ 



-tRC" 



-tAC- 



cs 



OE 



1 



-tco- 



-tOE- 



i/O • 



*OX 



t CTD"*" 



f OTD- 



'7 



tQHA 



DATA OUT VALID 



Notes: 1 . A Read occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcTD and t OTD are specified by the time when DATA OUT is floating. 



WRITE CYCLE 

(V cc = 5V ± 10%, T a = 0°C to +70° C) 



Item 


Symbol 


MSM51257AL-85 


MSM51257AL-10 


MSM51257AL-12 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


twc 


85 




100 




120 




ns 


Address to Write Setup Time 


*AS 


0 




0 




0 




ns 


Write Time 


t w 


70 




75 




90 




ns 


Write Recovery Time 


*WR 


5 




10 




10 




ns 


Data Setup Time 


*DS 


40 




40 




50 




ns 


Data Hold from Write Time 


t DH 


0 




0 




0 




ns 


Output 3-State from Write 


*OTW 


0 


30 


0 


35 


0 


35 


ns 


Chip Selection to End of Write 


tew 


75 




90 




100 




ns 


Address Valid to End of Write 


*AW 


75 




90 




100 




ns 


Output Active from End of Write 


*wx 


5 




5 




5 




ns 



Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. tAS is specified from CS or WE, whichever occurs last. 

4. tw is an overlap time of a low CS, and a low WE. 

5 - tWR, X DS and X DH are specified from CS or WE, whichever occurs first. 

6. tQTW ' s specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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WRITE CYCLE 



A 0 ~ Aj 4 



CS 



-twc- 



-t w - 



-t AW - 



tAS 



-tcw- 



I/O (Dj N ) 



-^DS- 



tQTW 



-tWR- 



>//// //////// 



-*DH- 



DATA IN STABLE 



X5 



I/O (D 0U t) 



< 



LOW Vcc DATA RETENTION CHARACTERISTICS 

(T a = 0°C to +70°C, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Vcc f° r Data Retention 


VCCH 


2 




5.5 


V 


CS ^ V C C -0.2V 


Data Retention Current 


'CCH 




1 


50 


ma 


V C C = 3V, CS ^ v C c -0.2V 


CS to Data Retention Time 


tsu 


0 






ns 




Operation Recovery Time 


tR 


*t RC 






ns 





* tRc = Read Cycle Time 
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CAPACITANCE 

(Ta = 25°C, f = 1MHz) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Input/Output Capacitance 


C|/0 






10 


PF 


Input Capacitance 


C|N 






10 


PF 



Note: This parameter is periodically sampled and not 100% tested. 
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C3I€LI semiconductor 



MSM51257ALL 



32,768-WORD x 8-BIT CMOS STATIC RAM 



GENERAL DESCRIPTION 

The MSM 51257ALLRS/GS is a 32768-word by 8-bit CMOS RAM static RAM featuring 5V power supply operation and direct 
TTL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnec- 
essary, making this device very easy to use. The MSM51257ALLRS/GS is also a CMOS silicon gate device which requires very 
low power during standby (standby current of 20//A) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion and 
bus line control etc. 



FEATURES 

• Single 5V Supply 

• Q°C~ 70°C 

• Low Power Dissipation 

Standby; 0.11 mW MAX 
Operation; 385 mW MAX 

• High Speed (Equal Access and Cycle Time) 

85-120 ns MAX 



• Direct TTL Compatible. (Input and Output) 

• 3-State Output 

• 28-pin DIP PKG 

• 28-pin FLAT PKG 







PIN CONFIGURATION 


PIN CONFIGURATION 


(Top View) 


(Top View) 


A,«[T 




28) v CC 


A l4 rr 


O 








ZD 


a fT 




27} WE 


A.rr 




D a,, 


A.[7 




H) A,, 


A.(T 




Da. 






Da. 






EK 


a.(t 






A «QE 




75) a , 


A.[T 




23)* 


a,[t 




22] oe 


A.rr 




12 « 


A ; [T 




3a, 


A,(T 






A, |7 




20) CS 


A,(T 




22) cs 


A„[7o 




75] i/o. 


A„Qo 




75)i/o. 


■*E 




Ti) wo. 


1/0 [77 




33,0 


I/O..Q2 




13,0. 


i/o.QT 




TJj 1/0, 






3D i/o. 


i/o.fn 




JJ) I/O. 






7s) I/O. 






75) 1/0. 


A 0 ~ A, 4 


: Address INPUTS 


A 0 "~ A, 4 


: Address INPUTS 


I/O, ~ I/O 


8 : Data Input/Output 


I/O, - I/O 


8 : Data Input/Output 


CS 


: Chip Select 


CS 


: Chip Select 


WE 


: Write Enable 


WE 


. Write Enable 


OE 


; Output Enable 


oT 


; Output Enable 


vcc v ss 


: Supply Voltage 


vcc v ss 


: Supply Voltage 
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FUNCTIONAL BLOCK DIAGRAM 



A 6 O- 
A 7 o- 
A 8 O— 
A, O— 



A,o O- 



-C^=SE 



ROW 

ELECT 



MEMORY ARRAY 
512 ROWS 
64COLUMNS 
x 8 BLOCK 



-o Vcc 
-o Vss 
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TRUTH TABLE 



Mode 


CS 


WE 


OE 


I/O Operation 


Standby 


H 


X 


X 


High Z 


Read 


L 


H 


H 


High Z 


L 


H 


L 


DOUT 


Write 


L 


L 


X 


D|N 



X : H or L 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Conditions 


Supply Voltage 


v C c 


-0.3 to 7.0 


V 


Respect to GND 


Input Voltage 


V|N 


-0.3* to V cc + 0.3 


V 


Operating Temperature 


Topr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 




Power Dissipation 


PD 


1.0 


W 


Ta = 25° C 



* Pulse Width < 30ns : -3.0V MIN 



RECOMMENDED OPERATING CONDITION 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Supply Voltage 


v C c 


4.5 


5 


5.5 


V 


5V ± 10% 


v S s 




0 




V 




Data Retention Voltage 


VccH 


2 


5 


5.5 


V 




Input Voltage 


V| H 


2.2 




V C C + 0.3 


V 


5V ± 10% 


V|L 


-0.3* 




0.8 


V 


Output Load 


c L 






100 


PF 




TTL 






1 







* Pulse WidthOOns : -3.0V MIN 
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DC CHARACTERISTICS 

(V C c = 5V ±10%, T a = 0°C to +70°C) 



Paramter 


Symbol 


MSM51257ALL 


Unit 


Test Condition 


Min. 


Typ. 


Max. 


Input 

Leakage 

Current 


•li 


-1 




1 


MA 


V|N = 0 to Vcc 


Output 
Leakage 
Current 


'lo 


-1 




1 


nA 


CS = Vjh or 

OE = V|H 

V|/o = 0toVcc 


Output 
Voltage 


V 0 H 


2.4 






V 


lOH = -1 mA 


vol 






0.4 


V 


Iql = 2.1 mA 


Standby 

Supply 

Current 


•ccs 






20* 


ma 


CS ^V CC -0.2V 
V| N = 0 to V CC 


'CCS1 






3 


mA 


CS = V, H 


Operating 

Supply 

Current 


«CCA 






0 


mA 


MIN CYCLE, l 0UT = 0 mA 



Q51257ALL-85 80mA 51257ALL-10/12 70mA 



AC CHARACTERISTICS 

Test Condition 



Parameter 


Conditions 


Input Pulse Level 


V| H = 2.4V, V| L = 0.6V 


Input Rise and Fail Times 


5ns 


Input and Output 
Timing Reference Level 


1.5V 


Output Load 


C L =100pF, 1 TTL Gate 



READ CYCLE 

(V cc = 5V t 10%, T a = 0°C to 70°C) 



Parameter 


Symbol 


MSM51257ALL-85 


MSM51257ALL-10 


MSM51257ALL-12 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


tRC 


85 




100 




120 




ns 


Address Access Time 


*AC 




85 




100 




120 


ns 


Chip Enable Access Time 


l CO 




85 




100 




120 


ns 


Output Enable to Output Valid 


tOE 




45 




50 




60 


ns 


Chip Selection to Output Active 


tcx 


10 




10 




10 




ns 


Output Hold Time From 
Address Change 


t OHA 


5 




10 




10 




ns 


Output 3-state from Output Disable 


tOTD 




30 




35 




35 


ns 


Output 3-state from Chip 
Deselection 


*CTD 




30 




35 




35 


ns 


Output Enable to Output Active 


tox 


5 




5 




5 




ns 
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■ STATIC RAM • MSM51257ALL 
READ CYCLE 



z> 


«4 tRC * 

( > 


< 


^ 1 


AC » 

<*— t C o — + 

S 






t CTD"^ 






'//// 


/// 


'//, 




t 0 E— ► 






- t OTD-^ 






v//, 




'//, 




♦tCX-H 

tnx 






t OHA 








^ DATA OUT VALID >^ 





Notes: 1 . A Read occurs during the overlap of a low CS, a low OE and a high WE. 
2 - tQTD and tQTD are specified by the time when DATA OUT is floating. 



WRITE CYCLE 

(V cc = 5V ± 10%, T a = 0°C to +70° C) 



Item 


Symbol 


MSM51257ALL-85 


MSM51257ALL-10 


MSM51257ALL-12 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


*WC 


85 




100 




120 




ns 


Address to Write Setup Time 


tAS 


0 




0 




0 




ns 


Write Time 


t W 


70 




75 




90 




ns 


Write Recovery Time 


tWR 


5 




10 




10 




ns 


Data Setup Time 


tDS 


40 




40 




50 




ns 


Data Hold from Write Time 


t DH 


0 




0 




0 




ns 


Output 3-State from Write 


*OTW 


0 


30 


0 


35 


0 


35 


ns 


Chip Selection to End of Write 


tew 


75 




90 




100 




ns 


Address Valid to End of Write 


tAW 


75 




90 




100 




ns 


Output Active from End of Write 


*WX 


5 




5 




5 




ns 



Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. tAS is specified from CS or WE, whichever occurs last. 

4. tw is an overlap time of a low CS, and a low WE. 

5- *WR, tDS and tDH are specified from CS or WE, whichever occurs first. 

6. tQTW is specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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WRITE CYCLE 



A 0 ~ A, 4 



CS 



zx 



V 



WE 



I/O (D, N ) 



I/O (D 0 UT> 



tAS 



-twc- 



-t w - 



-t AW - 



- l cw- 



s 



-tDS" 



tQTW 



-tWR- 



>//////////// 



DATA IN STABLE 



3 



X2 



LOW Vcc DATA RETENTION CHARACTERISTICS 

(T a - 0°C to +70°C, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Vqc * or Data Retention 


VCCH 


2 




5.5 


V 


C~S V C C -0.2V 


Data Retention Current 


'CCH 






10* 


ma 


V C c = 3V, CS ^ V C C - °- 2V 


CS to Data Retention Time 


l SU 


0 






ns 




Operation Recovery Time 




**t RC 






ns 





*Ta = 0to 40°C:3MMAX 
** tRC : Read Cycle Time 
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■ STATIC RAM • MSM51257ALL ■* 
CS CONTROL 




CAPACITANCE 

(Ta = 25°C, f = 1MHz) 



Parameter 


Symbol 


Mm. 


Typ. 


Max. 


Unit 


Input/Output Capacitance 


C|/0 






10 


PF 


Input Capacitance 


C IN 






10 


PF 



Note: This parameter is periodically sampled and not 100% tested. 
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semiconductor 



MSM51256 

32,768-WORD x 8-BIT CMOS STATIC RAM 



GENERAL DESCRIPTION 

The MSM51256RS/GS is a 32768-word by 8-bit CMOS static RAM featuring 5V power supply operation and direct TTL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51 256RS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 1 /uA) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 
and bus line control etc. 



FEATURES 

• Single 5V Supply 

• -40°C~85°C 

• Low Power Dissipation 

Standby; 5.5 mW MAX 
Operation; 385mW MAX 

• High Speed (Equal Access and Cycle Time) 

100/120 ns MAX 



• Direct TTL Compatible. (Input and Output) 

• 3-State Output 

• 28-pin DIP PKG 

• 28-pin FLAT PKG 

• 3V operation 




PIN CONFIGURATION 




~~ A, 4 
I/O, - I/O. : 

WE 
OE 

VCC V SS : 



Address INPUTS 
Data Input/Output 
Chip Select 
Write Enable 
Output Enable 
Supply Voltage 



PIN CONFIGURATION 



(Top View) 




I/O, ~ I/O, : 

CS_ 

WE 

0~E 

vcc v ss : 



Address INPUTS 
Data Input/Output 
Chip Select 
Write Enable 
Output Enable 
Supply Voltag* 
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■ STATIC RAM MSM51256 ■- 



FUNCTIONAL BLOCK DIAGRAM 



A 6 o- 
A 7 O- 
A 8 O— 
A 9 O- 



A, 0 O- 
A„ O- 
A, 2 O- 
A,,0- 



—t^ZZ SELECT 



MEMORY ARRAY 
512 ROWS 
64 COLUMNS 
x 8 BLOCK 



-o Vcc 
-o Vss 
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■ STATIC RAM • MSM51256 ■ 



TRUTH TABLE 



Mode 


CS 


WE 


OE 


I/O Operation 


Standby 


H 


X 


X 


High Z 


Read 


L 


H 


H 


High Z 


L 


H 


L 


D OUT 


Write 


L 


L 


X 


D|N 



X : H or L 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Conditions 


Supply Voltage 


v C c 


-0.3 to 7.0 


V 


Respect to GND 


Input Voltage 


V|N 


-0.3 to Vcc + 0.3 


V 


Operating Temperature 


T opr 


-40 ~ 85 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 




Power Dissipation 


PD 


1.0 


W 


Ta = 25° C 



RECOMMENDED OPERATING CONDITION 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Supply Voltage 


v C c 


4.5 


5 


5.5 


V 


5V ± 10% 


v S s 




0 




V 




Data Retention Voltage 


V CCH 


2 


5 


5.5 


V 




Input Voltage 


V|H 


2.2 




V C C + 03 


V 


5V ± 10% 


V|L 


-0.3 




0.8 


V 


Output Load 


c L 






100 


PF 




TTL 






1 
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■ STATIC RAM • MSM51256 ■ 

DC CHARACTERISTICS 

(V C c - 5V ±10%, T a = -40°C to +85°C) 



Paramter 


Symbol 


MSM51256 


Unit 


Test Condition 


Min. 


Typ. 


Max. 


Input 

Leakage 

Current 


I LI 


-1 




1 


ma 


Vim = 0 to Vcc 


Output 
Leakage 
Current 




-1 




1 


ma 


CS = V|H or 

0E = V, H 

V|/o = 0to V C C 


Output 
Voltage 


VOH 


2.4 






V 


lOH = -1 nnA 


vol 






0.4 


V 


Iql = 2.1 mA 


QtanrlKtj 

oianuDy 

Supply 

Current 


•ccs 






0.2 


iuA 


Ta = 25° C 


CS ^ V C c— 0.2V 
V, N = 0to V CC 






1 


Ta = 60° C 






10 


Ta = 85° C 


'CCS1 






3 


mA 


CS =V, H 


Operating 

Supply 

Current 


'CCA 






70 


mA 


MIN CYCLE, l 0UT = 0 mA 


20 


f=1 MHz, V| H =V CC , V| L =0V, loUT =0mA 



AC CHARACTERISTICS 

Test Condition 



Parameter 


Conditions 


Input Pulse Level 


V| H = 2.4V, V| L = 0.6V 


Input Rise and Fall Times 


5ns 


Input and Output 
Timing Reference Level 


1.5 V 


Output Load 


C L =100pF, 1 TTL Gate 



READ CYCLE 

(V cc = 5V ± 10%, T a - -40° C to +85° C) 



Parameter 


Symbol 


MSM51256-10 


MSM51256-12 


Unit 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


*RC 


100 




120 




ns 


Address Access Time 


tAC 




100 




120 


ns 


Chip Enable Access Time 


*co 




100 




120 


ns 


Output Enable to Output Valid 


*OE 




50 




60 


ns 


Chip Selection to Output Active 


*CX 


1Q 




10 




ns 


Output Hold Time From 
Address Change 


tOHA 


10 




10 




ns 


Output 3-state from Output Disable 


tOTD 




40 




50 


ns 


Output 3-state from Chip 
Deselection 


t CTD 




50 




60 


ns 


Output Enable to Output Active 


*OX 


5 




5 




ns 
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■ STATIC RAM MSM51256 ■ 



READ CYCLE 



z> 


- tRC ■* 

( > 


c 


< 1 


AC * 

s 






*CTD-* 




AW 


'//// 


'/// 


7/, 




«— t 0E — ^ 






-'OTD-*. 




n\\\\V 




7// 


'//, 




«-*cx-^ 

tny 


4 




*OH> 

\ 


\ 








<^ DATA OUT VALID ) 


3 





Notes: 1 . A Read occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcTD and *OTD are specified by the time when DATA OUT is floating. 



WRITE CYCLE 

(V cc = 5V ± 10%, T a = -40° C to +85° C) 



Item 


Symbol 


MSM51 256-10 


MSM51256-12 


Unit 


Min. 


Max. 


Min. 


Max. 


Write Cycle Time 


tw'c 


100 




120 




ns 


Address to Write Setup Time 


tAS 


0 




0 




ns 


Write Time 


t w 


75 




90 




ns 


Write Recovery Time 


tWR 


10 




10 




ns 


Data Setup Time 


*DS 


40 




50 




ns 


Data Hold from Write Time 


t DH 


0 




0 




ns 


Output 3-State from Write 


*OTW 


0 


50 


0 


60 


ns 


Chip Selection to End of Write 


*CW 


90 




100 




ns 


Address Valid to End of Write 


*AW 


90 




100 




ns 


Output Active from End of Write 


l WX 


5 




5 




ns 



Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. tAs 's specified from CS or WE, whichever occurs last. 

4. t\/\i is an overlap time of a low CS, and a low WE. 

5 - *WR, t DS and tDH are specified from CS or WE, whichever occurs first. 

6. tQTW is specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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■ STATIC RAM MSM51256 ■ 
WRITE CYCLE 



A 0 ~ A, 4 



CS 



z>cz 



-twc- 



-t w - 



-t AW - 



tAS 



-tcw- 



I/O (D, N ) 



• /O'(DouT) 



-tDS" 



tQTW 



-tWR- 



XZZZZZZZZZZ2. 



DATA IN STABLE 



tDH-^| 

X2 



< 



CAPACITANCE 

(Ta = 25°C, f = 1MHz) 



Parameter 


Symbol 


Mm. 


Typ. 


Max. 


Unit 


Input/Output Capacitance 


C|/0 






10 


pF 


Input Capacitance 


C|N 






10 


pF 



Note: This parameter is periodically sampled and not 100% tested. 
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■ STATIC RAM • MSM51256 ■ 



LOW Vcc DATA RETENTION CHARACTERISTICS 

(T a »-40°C to +85°C, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Vcc for Data Retention 


VCCH 


2 




5.5 


V 


Cl^ V C C -0.2V 


Data Retention Current 


•CCH 






0.2 


MA 


Ta = 25°C 


Vrc = 3V 
CS^V C c-0-2V 






1 


Ta = 60°C 






10 


Ta = 85° C 


CS to Data Retention Time 




0 






ns 




Operation Recovery Time 




**RC 






ns 





* 1 rc = Read c y cle Time 



CS CONTROL 




3V OPERATION 

RECOMMENDED OPERATING CONDITION 

(Ta = -10°Cto + 60°C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Supply Voltage 


vcc 


2.7 


3.0 


3.3 


V 


3V±10% 


v S s 


0 


0 


0 


V 




Input Voltage 


V|H 


V cc -0.2 




v C c 


V 


3V±10% 


V| L 


0 




0.2 


V 


Output Load 


c L 






100 


PF 
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■ STATIC RAM MSM51256 ■ 



3V OPERATION 

DC CHARACTERISTICS 

(V cc = 3V ±1 0% Ta = -1 0°C to +60°C) 



Parameter 


Symbol 


MSM51256 


Unit 


Test Condition 


Min. 


Typ. 


Max. 


Input 

Leakage 

Current 


'LI 


-0.1 




0.1 




V|N=0to V CC 


Output 

Leakage 

Current 


«LO 


-0.1 




0.1 


MA 


CS = V| H or 

OE = V, H 

V|/o = 0to V CC 


Output 
Voltage 


V 0 H 


Vcc-0.1 






V 


l 0 H=-20)uA 


v 0 l 






0.1 


V 


I O l = 20mA 


Standby 

Supply 

Current 


'ccs 




0.01 


0.2 


MA 


Ta = 25°C 


CS = V| H 






1 


Ta = 60°C 


Operating 

Supply 

Current 


'CCA 






7 


mA 


CS = V, Lf f = l MHZ , lQUT = 0mA 



3V OPERATION 

AC CHARACTERISTICS 

Test Condition 



Parameter 


Conditions 


Input Pulse Level 


V IN = V CC ~°- 2V ' V IL = °- 2v 


Input Rise and Fall Times 


^20 ns 


Input and Output Timing 
Reference Level 


1.5V 


Output Load 


C L = 100 pF 



3V OPERATION 
READ CYCLE 

(V cc = 3V +1 0% Ta = -1 0°C to +60°C) 



Parameter 


Symbol 


MSM51256 


Unit 


Min. 


Typ. 


Max. 


Read Cycle Time 


*RC 


1000 






ns 


Address Access Time 


tAC 




300 


1000 


ns 


Chip Enable Access Time 


tco 




300 


1000 


ns 


Output Enable to Output Valid 


tOE 




150 


500 


ns 


Chip Selection to Output Active 


*CX 


10 






ns 


Output Hold Time From Address Change 


tOHA 


20 






ns 


Output 3-state from Output Disable 


tOTD 






150 


ns 


Output 3-state from Chip Deselection 


tCTD 






200 


ns 


Output Enable to Output Active 


x OX 


5 






ns 



Notes: 1 . A Read occurs during the overlap of a low CS, a low OE and high WE. 



2 - *CTD and l OTD are specified by the time when DATA OUT is floating. 
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■ STATIC RAM • MSM51256 ■ 



WRITE CYCLE 

(V CC = 3V ±1 0% Ta = -1 0°C to +60°C) 



Parameter 


Symbol 


MSM51256 


Unit 




Typ. 


Max. 


Write Cycle Time 


*WC 


I UUU 






ns 


Addrp^ tn Writp Sptun Tim* 3 


tAO 

l AS 


100 








Write Time 




500 






ns 


Write Recovery Time 


*WE 


400 






ns 


Data Hold from Write Time 


tDH 


50 






ns 


Output 3-state from Write 


tOTW 






200 


ns 


Chip Selection to End of Write 


tew 


800 






ns 


Address Valid to End of Write 


*AW 


800 






ns 


Output Active from End of Write 


*WX 


10 






ns 



Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. t/\s is specified from CS or WE, whichever occurs last. 

4. tyy is an overlap time of a low CS, and a low WE. 

5 - *WR, *DS and are specified from CS or WE, whichever occurs first. 

6. tQTW is specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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5 



MOS1 
MASK 
ROMS 



D MOS MASK ROMS 

MSM3864 8,1 92-Word x 8-Bits Mask ROM (NMOS) 425 

MSM381 28A 1 6,384-Word x 8-Bits Mask ROM (NMOS) 429 

MSM38256 32,768-Word x 8-Bits Mask ROM (NMOS) 433 

MSM38256A 32,768-Word x 8-Bits Mask ROM (NMOS) 437 

MSM53256 32,768-Word x 8-Bits Mask ROM (CMOS) 441 

MSM531 000 1 31 ,072-Word x 8-Bits Mask ROM (CMOS) 445 

MSM531 001 1 31 ,072-Word x 8-Bits Mask ROM (CMOS) 449 

MSM534000 262,1 44-Word x 1 6-Bits Mask ROM (CMOS) 453 

MSM534000A 262,1 44-Word x 1 6-Bits MASK ROM (CMOS) 458 

MSM534001 A 524,288- Word x 8-Bits MASK ROM (CMOS) 463 

MSM534002A 262,1 44-Word x 1 6-Bits or 

524,288-Word x 8-Bits MASK ROM (CMOS) 468 




MSM3864 

8,192 WORD x 8 BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM3864RS is an N-channel silicon gate MOS device MASK ROM with a 8,192 word x 8 bit capacity. It oper- 
ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro- 
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most 
suitable for use as a large-capacity fixed memory for microcomputers and data terminals. 

As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expansion of memory and bus line control. 

FEATURES 

• 5V single power supply • Input/output TTL compatible • Power down mode 

• 8,192 words x 8 bits • 3-state output •28-pinDIP 

• Access time: 250 ns MAX 




PIN CONFIGURATION 

(Top View) 

1 ^7 28 M Vcc 

2 27 ]cS2 (CS2)(NC) 
26 ]CST(CS1)(NC) 
25 ]A K 
24] A, 
23 ]A, , 
22 ]OE (OE) 
21 ]A, 0 
20]CE 
19 ]D, 
18 ]D. 
17 ]0 S 
16 ]D, 
15 Id, 



A*[ 4 
A s [ 5 
A 4 [ 6 
A 3 [ 7 
M 8 
. A,[ 9 
A 0 ( 10 
D 0 [ 11 
D,[ 12 
D 2 [ 13 



OE 

Vcc, Vss 

=£1. 

CS1, CS2 



Output enable 
Power supply 
Address input 
Data output 
Chip enable 
Chip select 
Note: Please specify the OE active 
level and CS active level or 
open in ordering this IC. 



A 4 
A, 



FUNCTIONAL BLOCK DIAGRAM 



Address 
buffer 



Memory cell 
Matrix 
8192 x 8 



rnrnrT 

D 0 D, DjD 3 D 4 D, D 6 D, 



CS 

OE CE 
Control 



NC 

> CS oi 
CS 

3 OE or 
OE 
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■ MASK ROM • MSM3864 ■ 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.5 to 7 


V 


Respect to V ss 


Input Voltage 


V| 


-0.5 to 7 


V 


Respect to V ss 


Output Voltage 


v 0 


-0.5 to 7 


V 


Respect to V ss 


Power Dissipation 


PD 


1 


W 


Per package 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 1 50 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V CC 




4.5 


5 


5.5 


V 


V SS 




0 


0 


0 


V 


Input Signal Level 


V| H 




2 


5 


6 


V 


V|L 




-0.5 


0 


0.8 


V 


Output Signal Level 


VOH 


Iqh = ~ 400 MA 


2.4 




Vcc 


V 


VOL 


•OL = 2.1 mA 






0.4 


V 


Input Leakage Current 


•li 


V| = 0V or V cc 


-10 




10 


MA 


Output Leakage Current 


'LO 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 


Power Supply Current 


IccA 


Vcc = Max. \q = 0 mA 






100 


mA 


Ices 


Vcc = Max.CE = Vm, lo = 0 mA 






30 


mA 


Peak Power ON Current 


Ipo 


Vcc = GND ~ Vcc Min. 
CE= V cc orV, H 






60 


mA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V|H=2.4V,V||_=0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8V & 2.0V 


Loading Condition 


C L =100pF + 1TTL 
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■ MASK ROM MSM3864 ■ 

READ CYCLE 

(V CC = 5V ±10%, V SS = OV, Ta = 0°C to +70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


tc 


250 


- 


- 


ns 




Address Access Time 


t AA 


- 


- 


250 


ns 


Chip Enable 
Access Time 


*ACE 






250 




Output Delay Time 


*CO 






100 


ns 


Output Setting Time 


tl_Z 


10 






ns 


Output Disable Time 


tHZ 


10 




100 


ns 


Output Retaining Time 


*OH 


10 






ns 


Power Up Time 


tpu 


0 






ns 


Power Down Time 


tPD 






100 


ns 



1) READ CYCLE-1 (1) 




2) READ CYCLE-2 (2) 
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■ MASK ROM • MSM3864 ■ 



Note: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE " L" level . 

(3) The OE and CS are shown in the negative logic here, however the active level is freely selected. 

(4) ti_ z is determined by the later level, CE "L'VCS "L" or 01" "L". 
tHz 'S determined by the earlier CE "H'VCS "H" or OE "H". 

While, tn 2 shows the time until floating and it is therefore not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 




Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=0V 


Output Capacitance 


CO 




10 


pF 


v 0 =ov 
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MSM38128A 

16,384 WORD x 8 BIT MASK ROM (E3-S-028-32) 



GENERAL DESCRIPTION 

The MSM381 28ARS is an N-channel silicon gate MOS device MASK ROM with a 16,384 word x 8 bit capacity. It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn- 
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable 
for use as a large-capacity fixed memory for microcomputers and data terminals. 

As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expand operation of memory and bus line control. 

FEATURES 



• 5V single power supply 

• 16384 words x 8 bits 

• Access time: 250 ns MAX 



• Input/output TTL compatible 

• 3-state output 



• Power down mode 

• 28-pin DIP 




Y 



PIN CONFIGURATION 



(Top View) 

"^28 



NC 
A 12 [ 

A- 
A, 
A; 

A, 
A,[ 

M 

A,[ 
A 0 [ 10 
□o[l1 
D,[ 12 
D 2 [l3 
Vss[ 14 



JVcc 
27 ]CS(CS)(NC) 
26 ]A 13 
25 ]A 8 
24 ]A 9 
23 ]A M 
22 ]OE (OE) 
21 ]A 10 
20 jCE 
19 ]D 7 
18 ]D 6 
17 ]D, 
16 ]D 4 
15 ]D, 



OE 

Vcc, Vss 

An~ A 13 

D 7 



Output enable 
Power supply 
Address input 
Data output 
Chip enable 
Chip select 
Note: Please specify the OE active 
level and CS active level or 
open in ordering this IC. 



CS 



FUNCTIONAL BLOCK DIAGRAM 





nrnrn 

DqD.DjDjD* d s d 6 d 7 



CS 

OE CE 
Control 



5 CSor 
CS or 



3 OE or 
OE 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.5 to 7 


V 


Respect to V ss 


Input Voltage 


V| 


-0.5 to 7 


V 


Respect to V ss 


Output Voltage 


v 0 


-0.5 to 7 


V 


Respect to V ss 


Power Dissipation 


PD 


1 


W 


Per package- 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V cc 




4.5 


5 


5.5 


V 


V S s 




0 


0 


0 


V 


Input Signal Level 


V|H 




2 


5 


6 


V 


V| L 




-0.5 


0 


0.8 


V 


Output Signal Level 


VOH 


Iqh = - 400 MA 


2.4 




Vcc 


V 


vol 


! OL = 2.1 mA 






0.4 


V 


Input Leakage Current 


'LI 


V, = 0V or V cc 


-10 




10 


MA 


Output Leakage Current 


•lo 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 


Power Supply Current 


IccA 


Vcc = Max. Iq = 0 mA 






100 


mA 


Ices 


Vcc=Max. CE=V||_|, lQ=0mA 






30 


mA 


Peak Power ON Current 


Ipo 


Vcc = GND ~ Vcc Min. 
CE= V cc or V| H 






60 


mA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V| H = 2.4V, V, L =0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8V & 2.0V 


Loading Condition 


C L =100pF + 1TTL 
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READ CYCLE 

(V CC = 5V ±10%, V S s = OV, Ta = 0°C to +70° C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


*c 


250 










Address Access Time 


*AA 






250 




Chip Enable 
Access Time 


t ACE 






250 


ns 


Output Delay Time 


tco 






100 


ns 


Output Setting Time 


t|_Z 


10 






ns 


Output Disable Time 


tHZ 


10 




100 


ns 


Output Retaining Time 


tOH 


10 






ns 


Power Up Time 


tpu 


0 






ns 


Power Down Time 


tPD 






100 


ns 



1) READ CYCLE-1 (1) 




2) READ CYCLE-2 (2) 
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Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) The OE and CS~are shown in the negative logic here, however the active level is freely selected. 

(4) t|_ z is determined by the later level, CE "L'VCS "L" or 0~E "L". 
tHz is determined by the earlier CE "H'VCS "H" or OE "H". 

While, tHz shows the time until floating and it is therefore not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 




Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=0V 


Output Capacitance 


CO 




10 


pF 


V 0 =OV 
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CJlil semiconductor 



MSM38256 

32768 WORD x 8 BIT MASK ROM (E3-S-029-32) 



GENERAL DESCRIPTION 

The MSM38256RS is an N-channel silicon gate MOS device ROM with a 32,768 word x 8 bit capacity. It oper- 
ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro- 
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard U V EPROMs make the device most suitable 
for use as a large-capacity fixed memory for microcomputers and data terminals. 

Since it provides CE, CS and OE signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control. 



FEATURES 



• 32768 words x 8 bits 

• 5V single power supply 

• Access time: 250 ns MAX 



• Input/output TTL compatible 

• 3-state output 



• Power down mode 

• 28-pin DIP 




PIN CONFIGURATION 

(Top View) 



(CSXNC) CS[ 


1 


28 


JVcc 


A„[ 


2 


27 


]a m 


A,| 


3 


26 


]A 13 


M 


4 


25 


]A 8 


A 5 [ 


5 


24 


]A, 


A 4 | 


6 


23 


)A,, 




7 


22 


]OE 




8 


21 


]A 10 


A,[ 


9 


20 


)CE 


A 0 [ 


10 


19 


JD, 


D 0 [ 


11 


18 


)°< 


<M 


12 


17 


)°< 


D:[ 


13 


16 


]D 4 


Vssf 


14 


15 


Id, 



CS 
OE 

Vcc, Vss 
A 0 ~A 14 
D n ~D„ 



Chip Select 
Output enable 
Power supply voltage 
Address input 
Data output 
Chip enable 



FUNCTIONAL BLOCK DIAGRAM 



Address 
buffer 



Memory cell 
Matrix 

32768 x 8 



TTTTTA 

D 0 D,D,D 3 D4 D 5 D 6 D 7 



> Vcc 

> Vss 



CS 

OE CE 
Control 



Note: The OE active level and CS 
active level are specified by 
customer. 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.5 to 7 


V 




Input Voltage 


V| 


-0.5 to 7 


V 


Respect to V$s 


Output Voltage 


v 0 


-0.5 to 7 


V 




Power Dissipation 


PD 


1 


W 


Per package 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V CC 




4.5 


5 


5.5 


V 


v ss 




0 


0 


0 


V 


Input Signal Level 


V| H 




2 


5 


6 


V 


V|L 




-0.5 


0 


0.8 


V 


Output Signal Level 


VOH 


I 0 H = -400mA 


2.4 




Vcc 


V 


vol 


lOL = 2.1 mA 






0.4 


V 


Input Leakage Current 


'li 


V| =0V or V cc 


-10 




10 


MA 


Output Leakage Current 


•lo 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 


Power Supply Current 


Ice A 


Vcc = Max. Iq = 0 mA 






120 


mA 


Ices 


Vcc = Max. CE = Vih, lo = 0 mA 






30 


mA 


Peak Power ON Current 


Ipo 


Vcc = GND ~ Vcc Min. 
CE= V cc or V m 






60 


mA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V| H =2.4V, V| L =0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8 & 2.0V 


Loading Condition 


C L =100pF + 1 TTL 
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READ CYCLE 



(V CC = 5V ±10%, V S s = OV, Ta = 0°C to +70° C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


t c 


250 




_ 


ns 




Address Access Time 


*AA 


_ 




250 


ns 


Chip Enable 
Access Time 


*ACE 






250 


ns 


Output Delay Time 


*CO 






100 


ns 


Output Setting Time 


tLZ 


10 






ns 


Output Disable Time 


tHZ 


10 




100 


ns 


Output Retaining Time 


tOH 


10 






ns 


Power Up Time 


tpu 


0 






ns 


Power Down Time 


tPD 






100 


ns 



1) READ CYCLE-1 



Address 



CS or OE 
(CS) (OE) 



Dout 



(3) 



X 



-tAA" 



tCO" 



(4) 



>< 



(4) 



-tHZ" 



2) READ CYCLE-2 



(2) 



CE 



CSorOE (3) 
(CS) (OE) 



Dout 



Vcc 

supply 

current 



IccA 
Ices 



-tACE- 



-tco- 



(4) 



tLZ 



tPU 



kCZ>< 



1-wzS 



> 



tPD 
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Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) OE and CS are shown in the negative logic here, however the active level is freely selected. 

(4) is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H", OE "H" or CS "H". 

tHz shows time until floating therefore it is not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 






Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=0V 


Output Capacitance 


CO 




10 


PF 


Vo=0V 
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semiconductor 



MSM38256A 

32768 WORD x 8 BIT MASK ROM (E3-S-030-32) 



GENERAL DESCRIPTION 

The MSM38256ARS is an N-channel silicon gate E/DMOS device ROM with a 32,768 word x 8 bit capacity. It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn- 
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 6mA (max) when the chip is not selected. The 
application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable for 
use as a large-capacity fixed memory for microcomputers and data terminals. 

Since it provides CE, OE, CS signals, the connection of output terminals of other chips with the wired OR is possible 
ensuring an easy expand operation of memory and bus line control. 

FEATURES 

• 32768 words x 8 bits • Input/output TTL compatible • Power down mode 

• 5V single power supply • 3-state output • 28-pin DIP 

• Access time: 1 50 ns MAX 



PIN CONFIGURATION 

(Top View) 



(CS) CS (NO [ 
M 

M 
M 
a,! 
M 

A.| 
A 0 [ 
Do[ 



0,(12 
D 2 ( 13 
Vss [|14 



28[J Vcc 
27 ]a, 4 
26 ]a i3 
25 ]A 8 
24 ]A, 
23 ]A, , 
22 }6T 
21 ]A, 0 
20 JCE 
19 

18 ]D. 
17 ]D 5 
16]D 4 



CE 

OE _^ 
(CS) CS 
Vcc, Vss 
A 0 ~A 14 
D 0 ~D 7 
(NO 



Chip enable 
Output enable 
Chip select 
Power supply voltage 
Address input 
Data output 
No Connection 



Note: CS active level is specified 
by customers. 



FUNCTIONAL BLOCK DIAGRAM 





Address 
buffer 




X 

decoder 






























Y 

decoder 















Memory cell 
Matrix 

32768 x 8 



> Vcc 
3 Vss 



Output buffer 

nrnrn 

DoD,DjD 3 D 4 D 5 D 6 D 7 



CE,OE,CS 
Control 



CS 
or 
NC 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.5 to 7 


V 




Input Voltage 


V| 


-0.5 to 7 


V 


Respect to V$s 


Output Voltage 


v 0 


-0.5 to 7 


V 




Power Dissipation 


PD 


1.0 


W 


Per package 


Operating Temperature 


T opr 


Oto 70 


°c 




Storage Temperature 


T stg 


-55 to 150 


°c 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Conditions 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V CC 




4.5 


5 


5.5 


V 


V SS 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


6 


V 


V| L 




-0.5 


0 


0.8 


V 


Output Signal Level 


V 0 H 


i O h = - 4 00ma 


2.4 




v cc 


V 


vol 


Iql = 2.1 mA 






0.4 


V 


Input Leakage Current 


'LI 


V, =0V or V cc 


-10 




10 


MA 


Output Leakage Current 


»LO 


V 0 = 0V or V cc 
Chip not selected 


-10 




10 


MA 


Power Supply Current 


IccA 


V cc = Max. Iq = 0 mA 






60 


mA 


'ccs 


Vcc = Max. CE = Vih, lo = 0 mA 






6 


m A 


Peak Power On Current 


'po 


V CC = GND~ V cc Min. 
CE = V CC orV, H 






60 . 


mA 


Operating Temperature 


Topr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V| H =2.4V, V, L =0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8 & 2.0V 


Loading Condition 


C L =100pF + 1TTL 
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READ CYCLE 



(V CC = 5V ±10%, V S s = OV, Ta = 0°C to +70° C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


t c 


150 










Address Access Time 


*AA 






150 




Chip Enable 

A ppqcc ~T~ i m o 
Mttcbs 1 II lie 


tACE 


- 


- 


150 


ns 


Output Delay Time 


*CO 






55 


ns 


Output Setting Time 


tLZ 


10 






ns 


Output Disable Time 


tHZ 


10 




50 


ns 


Output Retaining Time 


tOH 


10 






ns 


Power Up Time 


tpu 


0 






ns 


Power Down Time 


tPD 






100 


ns 



1) READ CYCLE-1 



(D 



Address 



X 



CS (3) 

( cs) or 0E 



Dout 



tAA- 



tCO~ 



(4) 



fO< 



(4) 



tHZ- 



2) READ CYCLE-2 



(2) 



CE 



Dout 



Vcc 

supply 

current 



IccA 
Ices 



-tACE- 



-tco- 



(4) 



tLZ 



tPU 



tPD 
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Notes: (1) is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) CS is shown in the negative logic here, however the active level is freely selected. 

(4) tL2 is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H" r OE "H" or C§ "H". 

tHz shows time until floating therefore it is not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 




Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=OV 


Output Capacitance 


CO 




6 


pF 


Vq=OV 
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OKI I semiconductor 



MSM53256 



32,768 WORD x 8 BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM53256RS is a silicon gate CMOS device ROM with 32,768 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri- 
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 
for use as a large capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 
easy expand operation of memory and bus line control. 

FEATURES 



• 256k bits: 32,768 words x 8 bits 

• High speed: access time 1 50 ns max 

• Low power: active current 15 mA max 

standby current 0.1 m A max 

• Wide tolerance operating: Vcc = 5V ± 10% 

• Fully static operating: using no clock 



• Fully TTL compatible 

• Pin compatible to 256k EPROM 

• Packaged to 28 pins plastic 

• Fabricated with CMOS silicon gate technology 




PIN CONFIGURATION 

(Top View) 



CS 
OE 

Vcc, Vss 
A 0 ~A 14 
Do~D 7 
CE 



csl 




28 


J Vcc 


A 12 [ 


2 


27 


]A M 




3 


26 


]A I3 


A *C 


4 


25 


J A. 


M 


5 


24 


]A, 


A« 


6 


23 


]A| , 






22 


Joe 


M 


8 


21 


Ja,o 


A,[ 


9 


20 


)ce 


A 0 ( 


10 


19 


Id, 


D 0 [ 


11 


18 


5°. 


D-l 


12 


17 






13 


16 




Vssf 


14 


15 


Id, 


: Chip select 



Output enable 
Power supply voltage 
Address input 
Data output 
CHip enable 



Note: CS active level is specified 
by customer. 



FUNCTIONAL BLOCK DIAGRAM 



A 4 
A s 
A 6 



Add res- 
buffer 



Memory cell 
Matrix 

32768 x 8 bit 



nrnrn 

D 0 D, DjD 3 D 4 D s 0 6 D 



CS 

OE CE 
Control 



3 CS 
or 
CS 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V ss 


Input Voltage 


V| 


-0.3 to Vcc + 0.3 


V 


Respect to V ss 


Output Voltage 


v 0 


-0.3 to Vcc +0.3 


V 


Respect to V ss 


Power Dissipation 


PD 


1 


W 


Per package 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 1 50 


°c 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V cc 




4.5 


5 


5.5 


V 


V S s 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


Vcc +0.3 


V 


V|L 




-0.3 


0 


0.8 


V 


Output Signal Level 


VOH 


lOH = ~ 4 0° MA 


2.4 






V 


vol 


•OL = 2.1 mA 






0.4 


V 


Input Leakage Current 


"LI 


V| =0V or V cc 


-10 




10 


MA 


Output Leakage Current 


>LO 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 




'CCA 


Vcc = Max. Iq = 0 mA, 
trj = 150 ns 






15 


mA 


Power Supply Current 


•ccs 


Vcc = Max. CE = Vcc - 0.2V 






100 


juA 




•ccsi 


Vcc = Max. 
CE = V|h min. 






500 


MA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V m = 2.4V, V, L = 0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8V & 2.0V 


Loading Condition 


C L =100pF + 1 TTL 
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READ CYCLE 



(V CC = 5V ±10%, V SS = OV, Ta = 0°C to +70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


t c 


150 




- 


ns 




Address Access Time 


*AA 






150 


ns 


Chip Enable 
Access Time 


*ACE 






150 


ns 


Output Delay Time 


*CO 






50 


ns 


Output Setting Time 


t|_Z 


10 






ns 


Output Disable Time 


tHZ 


10 




50 


ns 


Output Retaining Time 


tQH 


10 






ns 



1) READ CYCLE-1 



Address 



CS — (3) 
(CS)° r 0E 



Dout 



X 



tAA~ 



tCO" 



(4) 



X 



(4) 



-tHZ" 



2) READ CYCLE-2 



(2) 
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Notes: (1) £E is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) CS is shown in the negative logic here, however the active level is freely selected. 

(4) t|_z is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H", OE "H" or CS "H". 

tHz shows time until floating therefore it is not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 






Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=OV 


Output Capacitance 


Co 




6 


pF 


Vq=OV 
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OKI semiconductor 



MSM531000 

131,072 WORD x 8 BIT MASK ROM (E3-S-031-32) 



GENERAL DESCRIPTION 



The MSM531000RS is a silicon gate CMOS device ROM with 131,072 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri- 
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 
for use as a large capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 
easy expand operation of memory and bus line control. 



FEATURES 



• 131 ,072 words x 8 bits • Input/output TTL compatible • 28-pin DIP 

• 5V single power supply • 3-state output 

• Access time: 250 ns MAX 




PIN CONFIGURATION 



(Top 

A ls n 



1 

2 

A,[ 3 

A 6 [ 4 

A 5 [ 5 

A 4 [ 6 

A 3 ( 7 

A 2 ( 8 



A 0 [ 10 
Do[ 11 
D,[ 12 
D 2 ( 13 



View) 

28l]Vcc 
27]A, 4 
26] A, 3 
25 ]A„ 
24 ]A, 
23 ]A, , 
22 ]A„ 
21 ]A 10 
20 ]CE 
19 ]D 7 
18 ]D 6 
17]D 5 
16 ]D 4 
15]D 3 



Vcc, Vss 
A 0 ~A 16 



Power supply voltage 
Address input 
Data output 
Chip enable 



FUNCTIONAL BLOCK DIAGRAM 



Address 
buffer 



Memory cell 

Matrix 
131072x 8 



> Vcc 

> Vss 



nrnrn 

D 0 D,D 2 D3D4 D s D 6 D 7 



2. 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V ss 


Input Voltage 


V| 


-0.3 to Vcc + 0.3 


V 


Respect to V ss 


Output Voltage 


v 0 


-0.3 to Vcc + 0.3 


V 


Respect to V ss 


Power Dissipation 


PD 


1 


w 


Per package 


Operating Temperature 


T opr 


0 to 70 


°c 




Storage Temperature 


T stg 


-55 to 150 


°c 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V cc 




4.5 


5 


5.5 


V 


V SS 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


Vcc +0.3 


V 


V|L 




-0.3 


0 


0.8 


V 


Output Signal Level 


V 0 H 


I 0 H = -400mA 


2.4 






V 


vol 


Iql = 2.1 mA 






0.4 


V 


Input Leakage Current 


»LI 


V| = 0V or V cc 


-10 




10 


MA 


Output Leakage Current 


'LO 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 




'CCA 


Vcc = Max. Iq = 0 mA, 
tc = 250 ns 






15 


mA 


Power Supply Current 


"CCS 


Vcc = Max. CE = Vcc - 0.2V 






100 


MA 




'CCS1 


Vcc = Max. 
CE = V|h min. 






500 


fxA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V m = 2.4V, V||_ = 0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8V & 2.0V 


Loading Condition 


C L =100pF + 1 TTL 
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■ MASK ROM MSM531000 ■ 



READ CYCLE 

(V CC = 5V ±10%, V SS = OV, Ta = 0°C to +70° C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


t C 


250 






ns 




Address Access Time 


*AA 






250 


ns 


Chip Enable 
Access Time 


*ACE 






250 


ns 


Output Setting Time 


t|_Z 


10 






ns 


Output Disable Time 


*HZ 


10 




80 


ns 


Output Retaining Time 




10 






ns 



READ CYCLE 



Address 



CE 



Dout 



*C 



t AA 



t ACE 



tLZ 



><c 



tOH 



Note 1 
tHZ 



Valid Data 



Note: tnz shows the time until floating and it is therefore not determined by the output level. 
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■ MASK ROM • MSM531000 ■ 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 






Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=OV 


Output Capacitance 


Co 




6 


pF 


v 0 =ov 
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^)I£I semiconductor 



MSM531001 



1 31 ,072 WORD x 8 BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM531 001 is a silicon gate CMOS device ROM with 1 31 ,072 words x 8 bit capacity. It operates on a 5V single powe 
supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the circuit requires n 
external clock assuring extremely easy operation. The availability of power down mode contributes to the low power dissipatio 
when the chip is not selected. The application of a byte system is most suitable for use as a large capacity fixed memory fc 
microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an eas 
expand operation of memory and bus line control. 

FEATURES 

• 1 31 ,072 words x 8 bits • Input/output TTL compatible • 32 pin DIP 

• 5V single power supply • 3-state output 

• Access time. 200 ns MAX 




PIN CONFIGURATION 




(Top View) 




NC [T 




m v cc 


A M (T 






A, 3 (T 




M NC 


A 12 [T 




29] A,« 


A ? [J[ 




28] A 13 


A* Q[ 




27] A. 


A ' E 




H A ' 


A, [8 




25] A„ 


A ' GE 




24] OE 


A, go 




23] A, 0 


a, [TT 




H CE 


Ac 02 




m D 7 


Do 01 




20] D 6 


Di (U 




HI ° 5 






H D 4 


vss|H 






v CO V SS 


: Power supply voltage 


A 0 ~ Ai6 


: Address input 


D 0 ~D 7 


: Data output 



CE 
OE 



: Chip enable 
: Output enable 



FUNCTIONAL BLOCK DIAGRAM 



A 3 
A 4 . 

A, ■ 
A 6 i 
A, . 



A 15 c 
Ai 6 c 



Address 
buffer 



Memory cell 
Matrix 

131072x8 



Sense Amp & 
Output Buffer 



nrnrn 

D 0 D, DjDj D« D 5 0»0 7 



OE CE 
Control 



> Vcc 

> V$s 



3 CE 

3 0E 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Conditions 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V ss 


Input Voltage 


V| 


-0.3 to Vcc + 0.3 


V 


Respect to V ss 


Output Voltage 


v 0 


-0.3 to Vcc + 0.3 


V 


Respect to V ss 


Power Dissipation 


PD 


1 


W 


Per package 


Operating Temperature 


T opr 


Oto 70 


°C 




Storage Temperature 


T stg 


-55 to 150 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


V CC 




4.5 


5 


5.5 


V 


V SS 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


Vcc +0.3 


V 


V|L 




-0.3 


0 


0.8 


V 


Output Signal Level 


VOH 


l O H = -400 /uA 


2.4 






V 


vol 


'OL = 2.1 mA 






0.4 


V 


Input Leakage Current 


'LI 


V| = 0V or V cc 


-10 




10 


MA 


Output Leakage Current 


'LO 


Vo = 0V or Vcc 
Chip not selected 


-10 




10 


ma 




'CCA 


Vcc = Max. Iq =0 mA, 
tc = 200 ns 






30 


mA 


Power Supply Current 


"CCS 


Vcc = Max. CE = Vcc - 0.2V 






50 






'CCS1 


Vcc = Max. 
CE = V|h min. 






500 


MA 


Operating Temperature 


T opr 




0 




70 


°C 



AC CHARACTERISTICS 

TIMING CONDITIONS 



Parameter 


Conditions 


Input Signal Level 


V| H = 2.4V, V| L = 0.6V 


Input Rising, Falling Time 


tr=tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage=1.5V 


Output Voltage=0.8V & 2.0V 


Loading Condition 


CL=100pF + 1TTL 
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READ CYCLE 

(V CC = 5V ±10%, V S S = OV, Ta = 0°C to +70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


*c 


200 






ns 




Address Access Time 


*AA 






ZLKJ 


ns 


Access Time 


*ACE 






200 


ns 


Output Delay Time 


<CO 






60 


ns 


Output Setting Time 


tLZ 


10 






ns 


Output Disable Time 


tHZ 


10 




50 


ns 


Output Retaining Time 


tQH 


10 






ns 



1) READ CYCLE-1 11 ' 




2) READ CYCLE-2' 21 
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Notes: (1) is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) t|_z is determined by the later CE "L", OE "L" 
t^z is determined by the earlier CE "H", OE "H" 

l HZ shows time until floating therefore it is not determined by the output level. 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f = 1 MHz) 



Parameter 


Symbol 


Specification 
Value 


Unit 


Remarks 






Min. 


Max. 






Input Capacitance 


C| 




8 


pF 


V|=OV 


Output Capacitance 


c 0 




6 


pF 


Vq=OV 
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OKI semiconductor 



MSM 534000 



262,144WORDx16BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM534000RS is a silicon gate CMOS device ROM with 262,1 44 words x 1 6 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 

FEATURES 



• 262,144 words x 16 bits 

• 5V single power supply 

• Access time: 200 ns MAX 



• Input/output TTL compatible 

• 3-state output 

• 40-pin DIP 




PIN CONFIGURATION 

(Top View) 



an v cc 



m a 17 




V cc , V ss .-Power supply CE .Chip enable 

voltage OE :Output enable 

A 0 ~A 17 :Address input 
D 0 ~D 15 : Data output 



FUNCTION BLOCK DIAGRAM 



Vcc v ss 



A 0 . 

A 1 * 

A 2 * 

A 3 * 
A 4 • 

A 5 * 

A 6 * 

A 7 * 

A 8 * 

A 9 * 

Aio« 
Aii • 
A, 2 . 
Ai 3 » 
Al4« 
A, 5 » 
a 16 * 



CE-OE Logic 



Address 
buffer 



X 

decoder 



Y 

decoder 



Memory cell Matrix 
262144x 16 bit 



Multiplexer 



Output buffer 



UUUlilUlUU 

DDDDDDDDDDDDDDDD 

0 1 2 3 4 5 6 7 » 9 ID It 12 13 M IS 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Condition 


Power Supply Voltage 


Vcc 


- 0.3 to 7 


V 


Respect to V$s 


Input Voltage 


V, 


- 0.3 to V C c + 0.3 


V 


Respect to V$s 


Output Voltage 


V 0 


-0.3 to V cc + 0.3 


V 


Respect to V$$ 


Power Dissipation 


Pd 


1 


W 


Per package 


Operating Temperature 


Topr 


Oto 70 


°c 




Storage Temperature 


Tstg 


-55 to 150 


°c 





OPERATING CONDITION AND DC CHARACTERISTICS 

(V CC = 5V+10% V ss = 0V Ta = 0°C to + 70°C) 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


Vcc 




4.5 


5 


5.5 


V 


Vss 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


V cc + 0.3 


V 


Vil 




-0.3 


0 


0.8 


V 


Output signal Level 


V 0 H 


Iqh = - 400pA 


2.4 






V 


Vol 


Iol = 2.1 mA 






0.4 


V 


Input Leakage Current 


lu 


V, = 0V or V cc 


- 10 




10 


uA 


Output Leakage Current 


Ilo 


V o = 0V or V cc 
Chip not selected 


-10 




10 


uA 




'cca 


Vcc = Max, lo = 0mA 
t c = 200 ns 






50 


mA 


Power Supply Current 


Ices 


Vcc = Max. 
CE = V cc -0.2V 






50 


uA 




•cesi 


Vcc = Max. 
CE = V| H min. 






500 


uA 


Operating Temperature 


Topr 




0 




70 


°C 
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■ MASK ROM MSM534000 ■ 



AC CHARACTERISTICS 

<TIMING CONDITIONS> 



Parameter 


Condition 


Input Signal Level 


V, H = 2.4V, V| L =0.6V 


Input Rising, Falling Time 


tr = tf = 5ns 


Timing Measuring Point Voltage 


Input Voltage = 1.5V 


Output Voltage = 0.8V & 2.0V 


Loading Condition 


C L = 100pF+ 1 TTL 



<READ CYCLE > 



(V cc = 5V ± 1 0% , V ss = 0V, Ta = 0°C to + 70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


tc 


200 






ns 




Address Access Time 


tAA 






200 


ns 




Chip Enable 
Access Time 


UCE 






200 


ns 




Output Delay Time 


tco 






60 


ns 




Output Setting Time 


tLZ 


10 






ns 




Output Disable Time 


tHZ 


10 




50 


ns 




Output Retaining Time 


t0H 


10 






ns 
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• READ CYCLE-1 (NOTE 1) 



Address 



>< 



tAA 



OE 



DOUT 



tco 



tLZ 



(3) 

ok 



(3) 



JOH 



tHZ 



• READ CYCLE-1 (NOTE 2) 



CE 



OE 



DOUT 



*ACE 



tco 



tLZ 



(3) 

kzzx 



tHZ 



(3) 



Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) t LZ is determined by the later CE "L" orOE "L w . 
t H z is determined by the earlier CE "H" or OE "H". 

t H z shows time until floating therefore it is not determined by the output level. 
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INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f=1 MHz) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Max. 


Input Capacitance 


C, 




8 


PF 


V, = 0V 


Output Capacitance 


Co 




8 


PF 


V 0 = OV 
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OKI semiconductor 



MSM534000A 



262,144 WORD x 16 BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM534000ARS is a silicon gate CMOS device ROM with 262,144 words x 16 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 

FEATURES 



• 262,144 words x 16 bits 

• 5V single power supply 

• Access time: 150 ns MAX 



• Input/output TTL compatible 

• 3-state output 

• 40-pin DIP 



PIN CONFIGURATION 

(Top View) 



NC 


uz 




40~1 


CE 


CE 




m 


Dis 


LX 




m 


Dm 


IX 




3D 


D13 


LX 




3D 


D, 2 


CE 




m 


D„ 


CE 




3D 


Dio 


CE 




m 


D 9 


CE 




m 


D 8 


m 




3D 


v S s 


UL 




m 


D 7 


GZ 




3D 


D 6 


□X 




3D 


D 5 


U£ 




3D 


0 A 


UL 




3D 


D 3 


QE 




3D 


D 2 


en 




3D 


Di 


QE 




3D 


Pjl 


QI 




3D 


OE 






3D 



I A 5 
I A 4 



V CC ,V SS .Power supply QE. :Chip enable 

voltage OE :Output enable 

Ao~A 17 : Address input 
D 0 — D ! 5 : Data output 



FUNCTION BLOCK DIAGRAM 



V« V SS CE 



A 0 . 

A 1 * 

A 2 * 

A 3 # 

A 4 * 

A 5 # 
A 6 • 

A 7 * 
A 9 • 

Aio» 
An» 
Ai2» 
Ai3» 
Am» 
Ai 5 » 
Ai6» 
Ai7» 



1 L 



CE OE Logic 



Address 
buffer 



X 

decoder 



Y 

decoder 



Memory cell Matrix 
262144 x 16 bit 



Multiplexer 



Output buffer 

llllllllllllllll 

DDDDDOODDDDDDDDD 

0 1 2 3 4 5 C 7 8 » 10 11 1JI3 M 15 
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ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


bymbol 


Value 


Unit 


Condition 


Power Supply Voltage 


V CC 


— U.O TO / 


V 


Respect to V$$ 


Input Voltage 


v, 


-0.3 to V cc + 0.3 


V 


Respect to V s $ 


Output Voltage 


v 0 


-0.3toV cc + 0.3 


V 


Respect to V$s 


Power Dissipation 


Pd 


1 


w 


Per package 


Operating Temperature 


Topr 


Oto 70 


°c 




Storage Temperature 


Tstg 


-55 to 150 


°c 





OPERATING CONDITION AND DC CHARACTERISTICS 

(V cc = 5V + 1 0% V ss = 0V Ta = 0°C to + 70°C) 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


Vcc 




4.5 


5 


5.5 


V 


Vss 




0 


0 


0 


V 


Input Signal Level 


V, H 




2.2 


5 


Vcc + 0.3 


V 


V, L 




-0.3 


0 


0.8 


V 


Output signal Level 


V 0 H 


l 0 H = " 400uA 


2.4 






V 


Vol 


Iql= 2.1 mA 






0.4 


V 


Input Leakage Current 


"li 


V, = 0V orV cc 


- 10 




10 


uA 


Output Leakage Current 


Ilo 


V 0 = 0V or V cc 
Chip not selected 


- 10 




10 


uA 




•CCA 


V cc = Max, l 0 = 0mA 
t c = 1 50 ns 






50 


mA 


Power Supply Current 


ices 


V£c = Max. 
CE = V CC -0.2V 






50 


PA 




kcsi 


Vcc = Max. 
CE - V| H min. 






500 


uA 


Operating Temperature 


Topr 




0 




70 


°C 



459 



■ MASK ROM • MSM534000A ■ 



AC CHARACTERISTICS 

<TIMING CONDITIONS> 



r cJi di I it? id 


v_u i iui Li yji i 


Input Signal Level 


V| H = 2.4V, V, L = 0.6V 


Input Rising, Falling Time 


tr = tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage = 1.5V 


Output Voltage = 0.8V & 2.0V 


Loading Condition 


C L = 100pF+ 1 TTL 



<READ CYCLE > 



(V cc = 5V ± 1 0% , V ss = 0V, Ta = 0°C to + 70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


tc 


150 






ns 




Address Access Time 


*AA 






150 


ns 




Chip Enable 
Access Time 


*ACE 






150 


ns 




Output Delay Time 


tco 






60 


ns 




Output Setting Time 


t|_Z 


10 






ns 




Output Disable Time 


tHZ 


10 




50 


ns 




Output Retaining Time 


toH 


10 






ns 
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• READ CYCLE-1 (NOTE 1) 



Address 



OE 



DOUT 




fOK 



• READ CYCLE-1 (NOTE 2) 



CE 



OE 



DOUT 



*ACE 



Ilz (3) 



tHZ 



(3) 



Notes: (1) CE~is"L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) t LZ is determined by the later CE "L" orOE "L". 
t H z is determined by the earlier CE""H" or OE "H". 

t HZ shows time until floating therefore it is not determined by the output level. 
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INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f=1 MHz) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Max. 


Input Capacitance 


c, 




8 


PF 


V| = 0V 


Output Capacitance 


Co 




8 


PF 


V o = 0V 
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OKI semiconductor 



MSM534001A 



524,288 WORD x 8 BIT MASK ROM 



GENERAL DESCRIPTION 

The MSM 53400 1ARS is a silicon gate CMOS device ROM with 524,288 words x 8 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a byte system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 



FEATURES 



• 524,288 words x 8 bits 

• 5V single power supply 

• Access time: 150 ns MAX 



• Input/output TTL compatible 

• 3-state output 

• 32-pin DIP 




PIN CONFIGURATION 

(Top View) 



NC 


cr 








m v cc 


A16 


CT 








3D Aib 


A« 


EE 








JD a 17 


A12 


cr 








2D Ai 4 


A 7 


cr 








m Ai 3 


A 6 


cr 








m a 8 


A 5 


cr 








ID Ag 


A 4 


cr 








HI An 


A 3 


cr 








2D OE 


A 2 


HE 








HI A 10 


Ai 


or 








2D CE 


A 0 


QZ 








2D D 7 


Do 


en 








2D D 6 


Di 


CK 








3D D 5 


D 2 


DE 








ID D 4 


GND 


QE 








m d 3 




: Power supply ££ 


:Chip enable 




voltage 


OE 


:Output enable 


A 0 ~A, 8 


:Address input 






D 0 ~D 7 


:Data output 







FUNCTION BLOCK DIAGRAM 



Address 
buffer 



V 



Memory cell Matrix 
524,288 x 8 bit 



1 1 



Multiplexer j 

1 1 1 in \ i 

I Output buffer 

TTTTTTTT 

D, D, Dj 0, 0, D, D, D, 



OE 
Control 
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■ MASK ROM MSM534001 A ■ 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Condition 


Power Supply Voltage 


Vcc 


- 0.3 to 7 


V 


Respect to V S s 


Input Voltage 


v, 


-0.3toV cc + 0.3 


V 


Respect to V S s 


Output Voltage 


v 0 


-0.3 to V cc + 0.3 


V 


Respect to V S s 


Power Dissipation 


Pd 


1 


W 


Per package 


Operating Temperature 


Topr 


Oto 70 


°C 




Storage Temperature 


Tstg 


-55 to 150 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 

(V cc = 5V ± 1 0% V ss = OV Ta = O'C to + 70°C) 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


Vcc 




4.5 


5 


5.5 


V 


Vss 




0 


0 


0 


V 


Input Signal Level 


V| H 




2.2 


5 


Vcc + 0.3 


V 


Vil 




-0.3 


0 


0.8 


V 


Output signal Level 


Voh 


Iqh = ~ 400pA 


2.4 






V 


Vol 


I 0 l = 2.1 mA 






0.4 


V 


Input Leakage Current 


Ili 


V, = 0V orV cc 


-10 




10 


uA 


Output Leakage Current 


Ilo 


V 0 = 0V or V cc 
Chip not selected 


- 10 




10 


uA 




'cca 


Vcc = Max, 'o = 0mA 
t c = 1 50 ns 






50 


mA 


Power Supply Current 


ices 


Vcc = Max. 
CE = V cc -0.2V 






50 


uA 




Iccsi 


Vcc = Max. 
CE = V| H min. 






500 


uA 


Operating Temperature 


Topr 




0 




70 


°C 
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■ MASK ROM MSM534001 A ■ 



AC CHARACTERISTICS 

<TIMING CONDITIONS> 



Parameter 


Condition 


Input Signal Level 


V| H = 2.4V, V, L = 0.6V 


Input Rising, Falling Time 


tr = tf = 5 ns 


Timing Measuring Point Voltage 


Input Voltage= 1.5V 


Output Voltage = 0.8V & 2.0V 


Loading Condition 


C L = 100pF+ 1 TTL 



<READ CYCLE > 



(V cc = 5V ± 1 0% , V ss = 0V, Ta = 0°C to + 70°C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


k 


150 






ns 




Address Access Time 








150 


ns 




Chip Enable 
Access Time 


tACE 






150 


ns 




Output Delay Time 


ko 






60 


ns 




Output Setting Time 


tLZ 


10 






ns 




Output Disable Time 


tHZ 


10 




50 


ns 




Output Retaining Time 


tQH 


10 






ns 
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■ MASK ROM MSM534001 A ■ 



• READ CYCLE-1 (NOTE 1) 



Address 



OE 



DOUT 



tAA 



tco 



tLZ 



(3) 

ok 



x 



(3) 



tHZ 



READ CYCLE-1 (NOTE 2) 



CE 



OE 



DOUT 



*ACE 



tco 



tLZ 



(3) 



tHZ 



(3) 



X 



Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) ttz is determined by the later CE "L"orOE "L". 
t H z is determined by the earlier CE "H" orOE "H" 

t H z shows time until floating therefore it is not determined by the output level. 
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■ MASK ROM MSM534001 A ■ 

INPUT/OUTPUT CAPACITANCE 



(Ta = 25°C,f=1 MHz) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Max. 


Input Capacitance 


Q 




8 


PF 


V, = 0V 


Output Capacitance 


Co 




8 




V 0 = OV 



467 



OKI semiconductor 

MSM534002A 

262,144WORDx16BIT OR 524,288 WORD x 8 BIT MASK ROM 



GENERAL DESCRIPTION 



The MSM534002ARS is a silicon gate CMOS device ROM with 262, 144 words x 1 6 bit or 524,288 
words x 8 bit capacity. It operates on a 5V single power supply and all inputs and outputs are TTL 
compatible. The adoption of an asynchronous system in the circuit requires no external clock 
assuring extremely easy operation. The availability of power down mode contributes to the low 
power dissipation when the chip is not selected. The application of a byte/word system is most 
suitable for use as a large capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 



FEATURES 

• 262, 1 44 words x 1 6 bits or 524,288 words x 8 bits 

• 5V single power supply 

• Access ti me : 1 50 ns MAX 



• Input/output TTL compatible 

• 3-state output 

• 40-pin DIP 




PIN CONFIGURATION 

(Top View) 





CE 




ZD A 8 


A 7 


lx 




2D Ag 


A 6 


CE 




2D a 10 


A 5 


cr 




HI A n 


A 4 


CE 




m a 12 


A 3 


CE 




2D A 13 


A 2 


CE 




in a 14 


A, 


CE 




22 A 15 


Aq 


CE 




2D A 16 


CE 


UK 




2D BYTE 


Yi5 


UL 




2EI v ss 


OE 


GZ 




2D D 15 /A-1 


Do 


UL 




2D D 7 


D 8 


LH 




2D d 14 


£>i 


Q£ 




2D d 6 


D 9 


UE 




ID D 13 


D 2 


UL 




2D D 5 


D10 


□E 




2D D 12 


D 3 


QE 




2D d 4 


On 


GE 




2D v cc 



FUNCTION BLOCK DIAGRAM 



J L 




8/16 Output Control 



CE? 



CE OE Logic 





x 

decoder 






















Y 

decoder 













-A 



Memory cell Matrix 
262144 x 16 bit 
or 524,288 x 8 



Multiplexer J 
Output buffer p 



DDDDDDDDDDDDDDDD 

0 I 1 3 * 5 6 7 8 9 10 1 1 12 13 14 15 



V cc- V ss -.Power supply QE .Chip enable 

voltage OE : Output enable 

A o"~ A i 7 : Address input D 15 /A-1: Output/Input 

D 0 -D 14 :Data output bytJ. Mode Swjtch 
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■ MASK ROM • MSM534002A ■ 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Condition 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V S s 


Input Voltage 


V, 


-0.3 to V cc + 0.3 


V 


Respect to V$s 


Output Voltage 


v 0 


-0.3 to V cc + 0.3 


V 


Respect to V$s 


Power Dissipation 


Pd 


1 


W 


Per package 


Operating Temperature 


Topr 


Oto 70 


°C 




Storage Temperature 


Tstg 


-55 to 150 


°C 





OPERATING CONDITION AND DC CHARACTERISTICS 

(V C c = 5V + 10% V ss = 0V Ta = 0°C to + 70"C) 



Parameter 


Symbol 


Measuring Condition 


Rating 


Unit 


Min. 


Typ. 


Max. 


Power Supply Voltage 


Vcc 




4.5 


5 


5.5 


V 


Vss 




0 


0 


0 


V 


Input Signal Level 


V, H 




2.2 


5 


V cc + 0.3 


V 


V, L 




-0.3 


0 


0.8 


V 


Output signal Level 


V 0 H 


l 0 H = - 400uA 


2.4 






V 


Vol 


Iol = 2.1 mA 






0.4 


V 


Input Leakage Current 


lu 


V, = 0V or V CC 


- 10 




10 


uA 


Output Leakage Current 


Ilo 


V 0 = 0V or V cc 
Chip not selected 


- 10 




10 


uA 




kCA 


V C c = Max, l 0 = 0mA 
t c = 1 50 ns 






50 


mA 


Power Supply Current 


•ccs 


Vcc = Max. 
CE = V cc -0.2V 






50 


uA 




•ccsi 


Vcc = Max. 
CE = V| H min. 






500 


uA 


Operating Temperature 


Topr 




0 




70 


°C 
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■ MASK ROM • MSM534002A ■ 
FUNCTION TABLE 



CE 


OE 


BYTE 


A-1 (D15) 


DO— D7 


D8—D15 


Dout MODE 


LSB 


MSB 


H 


v 

A 


v 

A 


v 
A 


Hl-Z 


Hl-Z 


Hi-Z 






L 


U 

n 


V 
A 


v 
A 




Hi-7 

ni-z. 


L 


L 


H 


INPUT 
FORBIDDEN 

(D15) 


D0-D7 


D8-D15 


16 bit 


AO 


A17 


L 


L 


L 


L 


D0-D7 


Hi-Z 


8 bit 


A-1 


A-17 


L 


L 


L 


H 


D8-D15 


Hi-Z 



X: Don't Care 



AC CHARACTERISTICS 

<TIMING CONDITIONS> 



Parameter 


Condition 


Input Signal Level 


V| H = 2.4V, V, L = 0.6V 


Input Rising, Falling Time 


tr = tf =5ns 


Timing Measuring Point Voltage 


Input Voltage = 1.5V 


Output Voltage = 0.8V & 2.0V 


Loading Condition 


C L =100pF+1TTL 



<READ CYCLE > 



(V cc = 5V + 1 0% , V ss = 0V, Ta = 0°C to + 70"C) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Typ. 


Max. 


Cycle Time 


k 


150 






ns 




Address Access Time 








150 


ns 




Chip Enable 
Access Time 


*ACE 






150 


ns 




Output Delay Time 


tco 






60 


ns 




Output Setting Time 


t L 2 


10 






ns 




Output Disable Time 


tHZ 


10 




50 


ns 




Output Retaining Time 


tQH 


10 






ns 
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■ MASK ROM MSM534002A ■ 



• READ CYCLE-1 (NOTE 1) 



Address 



OE 



DOUT 



tAA 



tco 



tLZ 



(3) 

lok 



x 



(3) 



, tpH 



tHZ 



• READ CYCLE-1 (NOTE 2) 



CE 



OE 



DOUT 



tACE 



tco 



tLZ i (3) 



tHZ 



(3) 



Notes: (1) cTis"L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) t|_2 is determined by the later CE "L" or OE "L". 

is determined by the earlier CE""H" orOE "H". 
tnz shows time until floating therefore it is not determined by the output level. 
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■ MASK ROM • MSM534002A ■ 



INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C,f=1 MHz) 



Parameter 


Symbol 


Specification Value 


Unit 


Remarks 


Min. 


Max. 


Input Capacitance 


c, 




8 


PF 


V, = 0V 


Output Capacitance 


Co 




8 


PF 


v 0 = ov 
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MOS 

EPROMS 
OTPS 



D MOS EPROMS/OTPS 

MSM2764A 8,1 92-Word x 8-Bits EPROM (NMOS) 475 

MSM271 28A 1 6,384-Word x 8-Bits EPROM (NMOS) 483 

MSM27256 32 ,768-Word x 8-Bits EPROM (NMOS) 491 

MSM2751 2 65,536-Word x 8-Bits EPROM (NMOS) 499 

MSM271000 131,072-Word x 8-Bits EPROM (NMOS) 506 

MSM271024 65,536-Word x 16-Bits EPROM (NMOS) 513 

MSM27C256 32,768-Word x 8-Bits EPROM (CMOS) 520 

MSM27C256H 32,768-Word x 8-Bits EPROM (CMOS) 528 

MSM27C1 024 65,536-Word x 1 6-Bits EPROM (CMOS) 536 

MSM27C2000 262,144-Word x 8-Bits EPROM (CMOS) 543 

MSM27C2048 1 31 , 072-Word x 1 6-Bits EPROM (CMOS) 550 

MSM2764AZB 8,1 92-Word x 8-Bits OTP ROM (NMOS) 557 

MSM271 28AZB 1 6,384-Word x 8-Bits OTP ROM (NMOS) 564 

MSM27256ZB 32,768-Word x 8-Bits OTP ROM (NMOS) 571 

MSM2751 2ZB 65,536-Word x 8-Bits OTP ROM (NMOS) 578 

MSM271 OOOZB 131 ,072 -Word x 8-Bits OTP ROM (NMOS) 585 

MSM271024ZB 65,536-Word x 16-Bits OTP ROM (CMOS) 591 

MSM27C256ZB 32,768-Word x 8-Bits OTP ROM (CMOS) 598 

MSM27C256HZB 32,768-Word x 8-Bits OTP ROM (CMOS) 605 



Old semiconcluctor 



MSM2764A 



8192 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM2764A is a 81 92 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM2764A is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 



FEATURES 

• +5V single power supply 

• 8192 words x 8 bit configuration 

• Access time: 

MAX 1 20 ns (MSM2764A - 1 2) 

MAX 1 50 ns (MSM2764A - 1 5) 

MAX 200 ns (MSM2764A - 20) 

MAX 250 ns (MSM2764A - 25) 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



Vpp [T ,< 


J mvcc 


A 12 |T 


27) PGM 


A? [T 


26] NC 


Ae [7 


25] Ae 


As Q[ 


24] A 9 


A4|T 


ID An 


A3 [T 


22] OE 


A 2 \± 


2T| A 10 


Ai (T 


20J CE 


Ao (To 


IUO 


Oo [n 


Te} Oe 


Oi (12 


33 Os 


O2DI 


Te\ 04 


GND Q4 


Ti] 03 



t t- 



PGM ~ 



CE 



OE~ 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
8192 x 8 bit 



Decoder 



vcc 



Vpp 



-GND 



Input buffers 



rr 

A0A1 



This specification may be changed without notification. 



475 



FUNCTION TABLE 



^^^^ Pins 
Mode ^ s ^>. 


CE 
(20) 


OE 
(22) 


PGM 
(27) 


Vpp 

(1) 


vcc 

(28) 




Read 


V| L 


V|L 


V|H 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


V| H 


+5V 


+5V 


High impedance 


Stand-by 


V|H 






+5V 


+5V 


High impedance 


Program 


V|L 


V| H 


V|L 


+12.5V 


+6V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 






+12.5V 


+6V 


High impedance 



-; Can be either V|l or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C~70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V !N , VquT -0.6V ~ 1 3.5V 

Vcc Supply Voltage Vcc - 0.6V ~ 7V 

Program Voltage Vpp -0.6V— 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




VcC=5V± 5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V| H 


2.0 




6.25 


0°C ~70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM MSM2764A ■ 

DC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C , Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Tvd 


Max. 


Input Leakage Current 


'LI 


Vim = 5 25V 






10 


fxA 


Output Leakage Current 


h n 

LU 


Vm it = 5 25V 






10 


/xA 


Vqq Power Current (Stand-by) 


'OO 1 


CE = Viu 






35 


mA 


Vqq Power Current (Operation) 




CE = Vu 






100 


mA 


Program Power Current 


Ipp 1 


Vpp = Vqq 






5 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vqq+1 


V 


Input Voltage "L" Level 


VlL 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 fiA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqq = 5V±5%, Vpp = Vqq , Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


2764A-12 


2764A-15 


2764A-20 


2764A-25 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


l ACC 


CE = OE = V| L 
PGM = V| H 




120 




150 




200 




250 


ns 


CE Access Time 


tCE 


OE = V, u 
PGM = V| H 




120 




150 




200 




250 


ns 


OE Access Time 


tOE 


CE = V, L> 
PGM = V m 




50 




60 




70 




100 


ns 


Output Disable Time 


t DF 


CE = V, U 
PGM = V| H 


0 


40 


0 


50 


0 


55 


0 


60 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ EPROM • MSM2764A ■- 
TIME CHART 



Address input 



X 



X 



CE 



OE 



Data output 



V / 
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■ EPROM • MSM2764A ■ 



< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(V CC = 5.75V -6.5V, Vpp = 12.5V ±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Innut 1 Pflk^np Ciirrpnt 

II 1 yJ>J l LUuiXCl^C UUI 1 XSl 1 l 


'LI 


Vim — ^ ORM 






I u 


ii A 
fJLr\ 


Vdd Power Current 


lpP2 


CE = PGM = Vn 

vu. — 1 \J IVI — V 1 1 






50 


m A 


Vcc Power Current 


"cc 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V| L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


|q H =-400 /jlA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V cc = 5.75V -6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5 °C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


*AS 




2 






(xS 


OE Set-up Time 


*OES 




2 






fxS 


Data Set-up Time 


*DS 




2 






fAS 


Address Hold Time 


*AH 




0 






US 


Data Hold Time 


*DH 




2 






/xS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 








PGM Initial Program Pulse Width 


t PW 


Vcc=6V±0.25V 


0.95 


1.0 


1.05 


ms 


PGM Program Pulse Width 


tpw 


Vcc=6.25V±0.25V 


95 


100 


105 


MS 


PGM Overprogram Pulse Width 


*OPW 


Vcc=6V±0.25V 


2.85 




78.75 


ms 


CE Set-up Time 


*CES 




2 






fis 


Data Valid from OE 


tOE 








150 


ns 
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■ EPROM • MSM2764A ■ 
TIME CHART 



Address 
input 



EX 



Data 

input/output 

Vpp 
CE 



< 



\ 



ADDRESS N 



-*AS 



4 



DATA INPUT 



-tDS" 



-tvs- 



^tCES- 



PGM- 



) < 

tOE 



5 7 t D H 



^-tpw-». 



-tOES-H 



OE 



*AH 



DATA 
OUTPUT 



/ 



> 



*DFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc=5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 




4 


6 


PF 


Output Capacitance 


Cqut 


V 0 (JT=OV 




8 


12 


PF 
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■ EPROM MSM2764A ■ 



Q START J 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


i 


Vpp = 


12.75V 



INCREMENT 
ADDRESS 




YES 





NO 


PROGRAM ONE 100 mSEC PULSE 












X = X + 1 






Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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■ EPROM • MSM2764A ■■ 



c 



START 



D 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 



FAIL ^^VERIFY 
ONE BYTE 



PASS 



INCREMENT 
ADDRESS 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc 


= 5V 


Vpp 


= 5V 



COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 



FAIL 



c 



DEVICE FAILED 




Programming Flowchart Example (II) 
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OI€.I semiconductor 



MSM271 28A 



16384 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27128A is a 16384 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27128A is manufactured by the N channel 
double silicon gate MOS technology and is contained in the 28 pin package. 



FEATURES 

• +5V single power supply 

• 16384 words x 8 bit configuration 

• Access time: 

MAX 120 ns (MSM27128A-12) 
MAX 150 ns (MSM27128A-15) 
MAX 200 ns (MSM27128A-20) 
MAX 250 ns (MSM27128A-25) 



• Power consumption: 

MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



Vpp (T ,< 


y — 

Hjvcc 


Ai 2 |T 


27] PGM 


A? (T 


26] A, 3 


Ae [T 


25| Ae 


As [T 


m a 9 


A4 (T 


23) An 


A3 (T 


22] OE 


A 2 QT 


m a 10 


Ai |T 


20] CE 


Ao [To 


19] 0^ 


Oo (TT 


18] Oe 


Oi [12 


IDo 5 


o 2 in 




GND \±± 


T£] o 3 



PGM " 



CE 



OE" 



O0O1 

1± 



Output buffers 



PGM 



OE 



Memory matrix 
16384 x 8 bit 



Decoder 



vcc 



Vpp 



-GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ EPROM • MSM27128A ■ 
FUNCTION TABLE 



Pins 

Mode 


CE 

(20) 


OE 

(22) 


PGM 

(27) 


Vpp 

(1) 


vcc 

(28) 


Outputs 


Read 


V|L 


V|L 


V|H 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V| H 






+5V 


+5V 


High impedance 


Program 


V|L 


V| H 


V|L 


+12.5V 


+6V 


DlN 


Program Verify 


V|L 


V|L 


V|H 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 






+12.5V 


+6V 


High impedance 



-; Can be either V||_ or Vjh 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages Vj N , VquT -0.6V - 1 3.5V 

Vcc Supply Voltage Vcc -0-6V ~ 7V 

Program Voltage Vpp -0.6V — 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
< READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




V CC =5V±5% 
Vpp=V C c 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM MSM27128A ■ 

DC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C , Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


"IN o v 






1 0 


piA 


uuipui Leakage uurreni 


ii /~\ 
•LO 


v OUT = 5-Zoy 






1 0 




Vqq Power Current (Stand-by) 


'CCi 


OCT \ / , , , 

CE = V|H 






35 


mA 


Vqq Power Current (Operation) 


•cc 2 


t~ Wi, 

CE = V|L 






I uu 


mA 


r luyi alii ruwci vyuiidii 


Inn 1 
ipp 1 


\/nn — V rvr> 
Vpp — VQQ 






5 


m A 


Input Voltage "H" Level 


V| H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = -400 /llA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C . Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


27128A-12 


27128A-15 


27128A-20 


27128A-25 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


tACC 


CE = OE = V, L 
PGM = V )H 




120 




150 




200 




250 


ns 


CE Access Time 


tCE 


OE = V, u 
PGM = V m 




120 




150 




200 




250 


ns 


OE Access Time 


tOE 


C~E = V, L> 
PGM = V| H 




50 




60 




70 




100 


ns 


Output Disable Time 


t DF 


CE = V, U 
PGM = V| H 


0 


40 


0 


50 


0 


55 


0 


60 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ EPROM • MSM27128A ■■ 
TIME CHART 



Address input 

CE 

61 

Data output 




■ EPROM • MSM27128A ■ 



PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(V CC = 5.75V -6.5V, Vpp = 12.5V ±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


• C OCX/ 

V|N = O.ZOV 






1 0 




vpp ruwci ourreni 


Ipp2 


L/C = r VJ IV1 — 






50 


m A 


Vcc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


|q H =-400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V CC = 5.75V -6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






/xs 


OE Set-up Time 


*OES 




2 






fiS 


Data Set-up Time 


*DS 




2 






MS 


Address Hold Time 


*AH 




0 






/as 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






/xS 


PGM Initial Program Pulse Width 


tp W 


Vcc = 6V ± 0.25V 


0.95 


1.0 


1.05 


ms 


PGM Program Pulse Width 


tpw 


Vcc =6.25 V± 0.25 V 


95 


100 


105 


MS 


PGM Overprogram Pluse Width 


*OPW 


Vcc = 6V± 0.25V 


2.85 




78.75 


ms 


^E Set-up Time 


X CES 




2 






MS 


Data Valid from OE 


*OE 








150 


ns 
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■ EPROM • MSM27128A ■■ 
TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



CE 



< 



ADDRESS N 



-*AS 



4 



DATA INPUT 



-*DS- 



-tvs- 



^CES~* 



PGM- 



OE 



) < 



5 7 t DH 



*»*OPW** 

tpw 



-tOES- 



tOE 



*AH 



DATA 
OUTPUT 



y 



>— 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 




4 


6 


PF 


Output Capacitance 


COUT 


V 0 UT=OV 




8 


12 


PF 
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■ EPROM MSM27128A ■ 



Q start"^) 







ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


i 


Vpp = 


12.75V 




Programming Flowchart Example (I) 
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■ EPROM • MSM27128A ■ 



( START 







ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp = 12.5V 



X = 0 




PROGRAM ONE 1 m SEC PULSE 



X = X+ 1 




PROGRAM ONE PULSE 
OF 3X mSEC DURATION 



INCREMENT 
ADDRESS 



YES 



Vcc 


= 5V 


Vpp 


= 5V 




COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 



FAIL 



c 



DEVICE FAILED 



3 




Programming Flowchart Example (II) 
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OKI semiconductor 



MSM27256 



32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27256 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 



FEATURES 

• +5V single power supply 

• 32768 words x 8 bit configuration 

• Access time: 

MAX 120 ns (MSM27256-1 2) 

MAX 150 ns (MSM27256-1 5) 

MAX 200 ns (MSM27256-20) 

MAX 250 ns (MSM27256-25) 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



vpp (T v 


Hvcc 


Ai 2 [T 


27] A 14 




1U A13 


A * GE 


25] A 8 


A 5 (T 


24] As 


A4 (T 


Ml Al1 


A3 (T 


22] OE 


A 2 (T 


27] A 10 


A, QT 


20)CE 


Ao (To 


H]o 


Oo (77 


JbJ Oe 


Oi(72 


ID05 


0 2 [73 


Je} Oa 


GND in 


TS] o 3 



OoO, 



CE 



OE" 



Output buffers 



PGM 



CE 



Memory matrix 
32768 x 8 bit 



Decoder 



V CC 



Vpp 



-GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ EPROM • MSM27256 ■ 
FUNCTION TABLE 



Pins 

Mode ^^^^ 


CE 
(20) 


OE 

(22) 


Vpp 

(1) 


vcc 

(28) 


Outputs 


Read 


V|L 


VlL 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V|H 




+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


+12.5V 


+6V 


D|N 


Program Verify 


V| H 


VlL 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 


V|H 


+ 12.5V 


+6V 


High impedance 



-; Can be either Vjl or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0 °C ~ 70°C 

Storage Temperature Tstg -55°C~125°C 

All Input/Output Voltages Vjn -0.6V — 13.5V 

v OUT — 0.6V ~7V 

Vcc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V — 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 

RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




V C c=5V±5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


2.0 




6.25 


0°C ~70°C 


V 


"L" Level Input 
Voltage 


VlL 


-0.1 




0.8 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(V CC = 5V±5%, Vpp = V C c, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|n = 5.25V 






10 


/LtA 


Output Leakage Current 


! LO 


v OUT = 5.25V 






10 


/xA 


V CC Power Current (Stand-by) 


'CCi 


CE=V| H 






35 


mA 


Vcc Power Current (Operation) 


•cc 2 


CE=V| L 






100 


mA 


Program Power Current 


Ippi 


Vpp = Vqc 






5 


mA 


Input Voltage "H" Level 


V|H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


|qh = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqc = 5V±5%, Vpp = V C C. Ta = 0°C ~ 70°C) 









27256-12 


27256-15 


27256-20 


27256-25 


Unit 


Parameter 


Symbol 


Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


*ACC 


CE = OE = V| L 




120 




150 




200 




250 


ns 


CE Access Time 


tCE 


OE = V, L 




120 




150 




200 




250 


ns 


OE Access Time 


tOE 


CE = V, L 




50 




60 




70 




100 


ns 


Output Disable Time 


t DF 


CE = V, L 


0 


40 


0 


50 


0 


55 


0 


60 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ EPROM • MSM27256 ■- 
TIME CHART 



Address input 



X 



CE 



OE 

Data output 



X 




*CE- 



- tACC " 
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■ EPROM • MSM27256 ■ 



< PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(VqC =5.75V -6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V| N = 5.25V 


- 


- 


10 


/jlA 


Vpp Power Current 


IPP2 


CE = V| L ,OE=V|H 






50 


mA 


Vqc Power Current 


ice 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


l O H=- 4 00 M A 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(VQC = 5.75V - 6.5V , Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






fxS 


OE Set-up Time 


*OES 




2 






flS 


Data Set-up Time 


*DS 




2 






fiS 


Address Hold Time 


*AH 




0 






us 


Data Hold Time 


*DH 




2 






M s 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






fJLS 


CE Initial Program Pulse Width 


t PW 


Vcc=6V±0.25V 


0.95 


1.0 


1.05 


ms 


CE Program Pulse Width 


tp W 


Vcc=6.25V±0.25V 


95 


100 


105 


MS 


CE Overprogram Pulse Width 


*OPW 


Vcc=6V±0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 
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■ EPROM • MSM27256 ■ 
TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



< 



^-t AS -^| 



ADDRESS N 



DATA INPUT 



-tDS~> 



-tvs-*- 



CE 



OE 



> < 



T / ! DH 



**t<OPW** 

tpw-»> 



yz 



-tOES-^ 



tOE 



tAH 



DATA 
OUTPUT 



> 



*DFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V jN =OV 




4 


6 


PF 


Output Capacitance 


COUT 


v 0 ut = ov 




8 


12 


PF 
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■ EPROM MSM27256 ■ 



START ^ 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 






Vpp = 


12.75V 



x = o 




PROGRAM ONE 100 M SEC PULSE 



X = X+ 1 



INCREMENT 
ADDRESS 




Vcc = 5V 
Vpp = 5V 



DEVICE FAILED ) 




Programming Flowchart Example (I) 
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■ EPROM • MSM27256 ■ 



( START ) 



INCREMENT 
ADDRESS 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 m SEC PULSE 



X = X+ 1 




FAIL ^ VERIFY 
ONE BYTE 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




| YES 


Vcc = 


5V 


Vpp = 


5V 




DEVICE FAILED 



Programming Flowchart Example (II) 
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OKI semiconductor 



MSM2751 2 



65536 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM2751 2 is a 65536 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM2751 2 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 



FEATURES 



• +5V single power supply 

• 65536 words x 8 bit configuration 

• Access time: 

MAX 120 ns (MSM27512-12) 
MAX 150 ns (MSM27512-15) 
MAX 200 ns (MSM27512-20) 
MAX 250 ns (MSM27512-25) 



Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

Completely static operation 

INPUT/OUTPUT TTL compatible 

(three state output) 



PIN CONFIGURATION 

(Top View) 



A, 5 [T ^ 


28]V CC 


Ai 2 [T 


I?) A 14 


A^fT 


M] A, 3 


Ae [T 


113 As 


As (T 


13 As 


A4 [T 


1U An 


A3 (T 


DOE/Vpp 


A 2 |T 


HI A 10 


Ai [T 


20] CE 


Ao (To 


mo 


Oo (77 


Te] Oe 


Oi [12 


m 0 5 


0 2 [13 


ID 04 


GND OT 


75] 0.3 



FUNCTIONAL BLOCK DIAGRAM 



CE 



OE/Vpp- 



O0O1 



♦ Output buffers 



PGM 



CE 



OE 



Memory matrix 
65536 x 8 bit 



V CC 



Decoder 



-GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ EPROM • MSM27512 ■ 
FUNCTION TABLE 



Pins 

Mode 


CE 

(20) 


OE/Vpp 
(22) 


vcc 

(28) 


Outputs 


Read 


V|L 


V|L 


+5V 


Dout 


Output Disable 


V|L 


V| H 


+5V 


High impedance 


Stand-by 


V|H 




+5V 


High impedance 


Program 


V|L 


12.5V 


+6V 


D|N 


Program Inhibit 


V|H 


12.5V 


+6V 


High impedance 



-; Can be either V|l or Vm 



ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias Ta 0°C~70°c 

Storage Temperature Tstg -55°C~125°C 

All Input/Output Voltages V|n -0.6V ~ 1 3 5V 

VOUT — 0.6V-7V 

Vcc Supply Voltage Vqc — 0.6V ~ 7V 

Program Voltage Vpp -0.6V — 14V 

The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vqc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~ 70°C 


V CC =5V±5% 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM • MSM27512 ■ 



DC CHARACTERISTICS 

(V CC = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Mm. 


Typ. 


Max. 


Input Leakage Current 


'LI 


\/,. , c oc\/ 

V||\J = o.^ov 






1 0 




Output Leakage Current 


'LO 


■ C OC\/ 

v OUT = 5.25V 






1 0 


/xA 


Vqq Power Current (Stand-by) 


'CCi 


Ct = V|H 






00 


m A 

mA 


\/ s~\ Pnu/or f^ii front fOnoration^ 
vq^^ ruwci ouiitJiii \vj(jci ctuui i / 


'CC2 


pp _ w.. 
v^t - V|L 






100 


m A 


Input Voltage "H" Level 


V|H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


|qh =-400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


27512-12 


27512-15 


27512-20 


27512-25 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access 
Time 


tACC 


CE=OE/Vpp= 




120 




150 




200 




250 


ns 


CE Access Time 


tCE 


OE/Vpp=V| L 




120 




150 




200 




250 


ns 


OE Access Time 


tOE 


CE = V, L 




50 




60 




70 




100 


ns 


Output Disable 
Time 


t DF 


CE = V, L 


0 


40 


0 


50 


0 


55 


0 


60 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 



TIME CHART 
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■ EPROM • MSM27512 ■ 



< PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(V CC = 5.75V -6.5V, Vpp = 1 2.5V ± 0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|N = 5.25V 






10 


fiA 


Vpp Power Current 


IPP2 


CE = V| L 






50 


mA 


Vcc Power Current 


'cc 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




VrjC+1 


V 


Input Voltage "L" Level 


V| L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


I 0 h = -400 


2.4 






V 


Output Voltage "L" Level 


vol 


l0L = 2 - 1 m A 






0.45 


V 



AC CHARACTERISTICS 

(V C C = 5.75V ~6.5V, Vpp = 12.5V±0.5V, Ta = 25°C ±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


Us 




2 






MS 


Data Set-up Time 


*DS 




2 






MS 


Address Hold Time 


*AH 




0 






MS 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*VS 




2 






MS 


CE Initial Program Pulse Width 


t PW 


V C c=6V±0.25V 


0.95 


1.0 


1.05 


ms 


CE Program Pulse Width 


tpw 


V C c=6.25V±0.25V 


95 


100 


105 


jUS 


CE Overprogram Pulse Width 


tOPW 


V CC =6V±0.25V 


2.85 




78.75 


ms 


OE/Vpp Hold Time 


tOEH 




2 






MS 


Data Valid from CE 


l DV 








1 


Ms 


OE/Vpp Recovery Time 






2 






MS 
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-■ EPROM • MSM27512 ■ 



TIME CHART 



Address 
input 



Data 



zx 



input/output 



OE/Vpp 



ADDRESS N 



*as 



< 



DATA INPUT 



*VS 



CE 



> < 

tDV 



, tAH 

4=4 



DATA 
OUTPUT 



tDFP 



tOEH 



tVR 



t PW 



tQPW 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, V CC = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 




4 


6 


PF 


Output Capacitance 


Cqut 


V 0 UT=OV 




8 


12 


PF 
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■ EPROM • MSM27512 ■• 



( start"^) 



INCREMENT 
ADDRESS 



ADDRESS = FIRST LOCATION 



Vcc = 6.25V 



Vpp= 12.75V 



X = 0 




YES 



PROGRAM ONE 100 fxSEC PULSE 



X = X + 1 




T YES 


Vcc = 


5V 


OE/Vpp 


= V, L 




DEVICE FAILED 



3 



Programming Flowchart Example (1) 
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■ EPROM • MSM27512 ■ 



( START ^ ) 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp = 12.5V 



X = 0 




PROGRAM ONE 1 mSEC PULSE 



X = X + 1 




PROGRAM ONE PULSE 
OF 3X mSEC DURATION 



INCREMENT 
ADDRESS 




Vcc = 5V 
OE/Vpp = V| L 




Programming Flowchart Example (II) 
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OKI semiconductor 



MSM271000 



131072 X 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM271000 is a 131072 words x 8 bit ultraviolet erasable and electrically program- 
mable read-only memory. The MSM271000 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 32 pin package. 



FEATURES 



+5V single power supply 

131 072 words x 8 bit configuration 

Access time: 

MAX1 20 ns (MSM271 000-1 2) 
MAX1 50 ns (MSM271 000-1 5) 
MAX200 ns (MSM271 000-20) 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



PIN CONFIGURATION 



vpp \T 




32J v cc 


Al6 (T 




3l] PGM 


Al5 [T 




So] NC 


A, 2 (T 




37] Au 


At [l 




m Ai3 


Ae [T 




27] Ae 


As [7 




26] A 9 


A 4 [F 




25] A11 


AaQT 




24] OE 


A 2 [lO 




23] A10 


Ai |]T 




22] CE 


Ao [?2 




2l] O 


0o Ei 




20j Oe 


Oi[w 






0 2 [?5 




m 04 


v ss[T6 




33 03 



FUNCTIONAL BLOCK DIAGRAM 



O0O1 

1_L 



Output buffers 



Memory matrix 
131072 x 8 bit 



Input buffers 



A0A1 



Ah 



This specification may be changed without notification 
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■ EPROM MSM271000 ■ 

FUNCTION TABLE 



Pins 

Mode ^^^^^ 


CE 
(22) 


OE 
(24) 


PGM 
(31) 


VPP 

(1) 


vcc 

(32) 


Outputs 


Read 


V|L 


VlL 








+5V 


DOUT 


Output Disable 


V|L 


V|H 






+5V 


High impedance 


Stand-by 


V| H 








+5V 


High impedance 


Program 


V|L 


V|H 


VlL 


+1 2.75V 


+6.25V 


DlN 


Program Verify 


V|L 


V|L 


V|H 


+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V||_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V| N -0.6V ~ 1 3.5V 

V 0 UT -0.6V ~7V 

V C c Supply Voltage Vcc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 

RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


-0.1 




Vcc + 1 






V 


"H" Level Input 
Voltage 


V|H 


2.0 




6.25 


0°C ~70°C 


Vcc =5V± 5% 


V 


"L" Level Input 
Voltage 


VlL 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM MSM271000 ■ 



DC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


In 

L.I 


Vim =5. 25V 

UN 






10 




Output Leakage Current 


'LO 


v OUT = 5.25V 






10 


/LtA 


Vqq Power Current (Stand-by) 


Inr < 

1 


CE =V|H 






35 


mA 


Vcc Power Current (Operation) 


ICCio 


CE=V| L 






100 


mA 


Program Power Current 


Ippi 


Vpp = V CC 






10 


MA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


|qh = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 21 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqc = 5V±5%, Ta = 0°C - 70°C) 



Parameter 


Symbol 


Conditions 


271000-12 


271000-15 


271000-20 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


tACC 


CE = OE=V| L 




120 




150 




20O 


ns 


CE Access Time 


tCE 


OE=V, L 




120 




150 




200 


ns 


OE Access Time 


tOE 


CE=V, L 




50 




60 




70 


ns 


Output Disable Time 


tDF 


CE=V, L 


0 


40 


0 


50 


0 


55 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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iEPROMMSM271000i 



TIME CHART 



Address input 



X 



CE 



OE 

Data output 



X 



V / 

I— 'CE— 1 



. i,cc-^,'° E ^ 
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■ EPROM MSM271000 ■ 



< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 6.25V±0.25V, Vpp = 1 2.75V±0.25V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V|N= 5.25V 






10 


/xA 


Vpp Power Current 


IPP2 


CE = PGM=V| L 






50 


mA 


Vcc Power Current 


ice 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH = -4 °0 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


, OL = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V C c = 6.25V+0.25V, Vpp = 1 2.75V+0.25V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






MS 


OE Set-up Time 


tOES 




2 






MS 


Data Set-up Time 


*DS 




2 






fxS 


Address Hold Time 


*AH 




0 






MS 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*VS 




2 






MS 


Program Pulse Width 


t PW 




95 


100 


105 


MS 


CE Set-up Time 


tCES 




2 






MS 


Data Valid from OE 


tOE 








150 


ns 
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iEPROMMSM271000i 



TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



CE 



PGM- 



OE 



< 



ADDRESS N 



-*AS 



4 



DATA INPUT 



-ids-* 



-tvs- 



-tCES-* 



> < 



-tpw-* 



KZ 



tOE 



*AH 



DATA 
OUTPUT 

*DFP 



> 



-tQES- 



17 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, V C c = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


COUT 


v 0 ut = ov 






15 


PF 



MSM271000 IDENTIFIER BYTES 



^"\Pins 


Ao 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


D 0 


Hex 


Code 


(12) 


(21) 


(20) 


(19) 


(18) 


(17) 


(15) 


(14) 


(13) 


Data 


Manufacter 
Code 


V|L 


1 


0 


1 


0 


1 


1 


1 


0 


AE 


Device Code 


V|H 


1 


0 


0 


0 


0 


1 


0 


1 


85 



Notes: 1. A 9 =1 2.0 ± 0.5V 

2. A, ~ A 8 , A 10 ~ A 16 , CE, OE = V| L , PGM = V !H OR V, L , Vpp = V| H OR V !L 
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■ EPROM • MSM271000 ■ 






NO 


PROGRAM ONE 100 mSEC PULSE 






X = X + 1 








| YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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Oltl semiconductor 



MSM271024 



65536 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM271024 is a 65536 words x 1 6 bit ultraviolet erasable and electrically program- 
mable read-only memory. The MSM271024 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 40 pin package. 



FEATURES 

• +5V single power supply 

• 65536 words x 1 6 bit configuration 

• Access time: 

MAX1 20 ns (MSM271 024-1 2) 
MAX1 50 ns (MSM271 024-1 5) 
MAX200 ns (MSM271 024-20) 



• Power consumption: 

MAX 630 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



PIN CONFIGURATION 



v P p [T v 


40) v C c 


CE \T 


39| PGM 


o,5 |T 


38] NC 


o,4 [T 


37] A,5 


On [T 


36] A14 


o, 2 [T 


35] An 


o„n 


34] A,2 


do [T 


33] A11 




32] A 10 


Oe [To 


3?| A 9 


v ss [77 


so] v ss 


0^(72 


29] Ae 


Oe[T3 


28] A? 


0 5 [?4 


27] A 6 


04 [5 


26] A 5 


° 3 EI 


25] A4 


Q2[T7 


24] A 3 


Oi^£ 




Oo^9 


n A, 


OE [20 


?3 Ao 



FUNCTIONAL BLOCK DIAGRAM 



O0O1 
f t- 



Output buffers 



Memory matrix 
65536 x 16 bit 



TT 

A0A1 



This specification may be changed without notification 



■ EPROM • MSM271024 ■• 
FUNCTION TABLE 



Pins 

Mode 


CE 

(2) 


OE 
(20) 


PGM 

(39) 


VPP 

(1) 


VCC 
(40) 


Outputs 


Read 


V|L 


V|L 






+5V 


DOUT 


Output Disable 


V|L 


V|H 






+5V 


High impedance 


Stand-by 


V|H 








+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V|L 


V|L 


V| H 


+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V|i_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V|n -0.6V ~ 13.5V 

VquT .'-0.6V-7V 

V C c Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V— 14V 



The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 

RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


-0.1V 




vcc + 1 


0°C ~70°C 


VcC"5V±0.25V 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM • MSM271024 ■ 



DC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|n = S.25V 






10 




Output Leakage Current 


•LO 


v OUT = 525V 






10 


mA 


Vcc Power Current (Stand-by) 


'CCi 


CE=V| H 






35 


mA 


Vcc Power Current (Operation) 


'cc 2 


CE=V| L 






120 


mA 


Program Power Current 


Ippi 


\/__ _ \/ _ _ 
vpp - vcc 






10 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = -400 fxA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


271024-12 


271024-15 


271024-20 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


tACC 


CE=OE=V| L , 




120 




150 




200 


ns 


CE Access Time 


tCE 


OE=V, L) 




120 




150 




200 


ns 


OE Access Time 


tOE 


CE=V, L , 




50 




60 




70 


ns 


Output Disable Time 


tDF 


CE=V, L , 


0 


40 


0 


50 


0 


55 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ EPROMMSM271024 ■- 
TIME CHART 



Address input 



X 



CE 



OE 

Data output 



X 




tCE- 



/ 
/ 



-tACC" 



tOE 



tDFh- 
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■ EPROM • MSM271024 ■ 



< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 6.25V+0.25V, Vpp = 1 2.75V±0.25V / Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|N = 5.25V 






10 


fiA 


Vpp Power Current 


IPP2 


CE = PGM = V | l_ 






50 


mA 


V CC Power Current 


'cc 








120 


mA 


Input Voltage "H" Level 


V|H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 /x.A 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 6.25V+0.25V, Vpp = 1 2.75V+0.25V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






MS 


OE Set-up Time 


*OES 




2 






M s 


Data Set-up Time 


*DS 




2 






lis 


Address Hold Time 


*AH 




0 






MS 


Data Hold Time 


*DH 




2 






fJLS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 






MS 


PGM Program Pulse Width 


t PW 




95 


100 


105 


MS 


CE Set-up Time 


X CES 




2 






MS 


Data Valid from OE 










150 


ns 
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■ EPROMMSM271024 ■ 
TIME CHART 



Address 
input 



3 SS 



Data 

input/output 



< 



Vpp 



CE 



PGM- 



OE 



«*-t D S-* 



\ 



ADDRESS N 



-♦as 



4 



DATA INPUT 



-tvs- 



^-tCES-^ 



> 



««-tpW-». 



< 



-tOES- 



*AH 



DATA 
OUTPUT 



tDFP 



> 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, V C c = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 




V| N =OV 






12 


PF 


Output Capacitance 


Cqut 


V 0 UT=OV 






15 


PF 



MSM271024 



IDENTIFIER BYTES 



^^\Pins 
Code 


Ao 
(21) 


Di 5 ~ D 8 
(3) -(10) 


D 7 
(12) 


D 6 
(13) 


D 5 
(14) 


D 4 
(15) 


D 3 
(16) 


D 2 
(17) 


D, 
(18) 


D 0 
(19) 


Hex 
Data 


Manufacter 
Code 


V| L 


0-0 


1 


0 


1 


0 


1 


1 


1 


0 


OOAE 


Device Code 


V| H 


0-0 


1 


0 


0 


0 


0 


1 


1 


0 


0086 



Notes: 1. A 9 = 1 2.0 ± 0.5V 

2. A, - As, A 10 ~ A 15 , CE, OE = V| L , PGM = V| H OR V !L , Vpp = V| H OR V| L 
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■ EPROM • MSM271024 ■ 






NO 


PROGRAM ONE 100 mSEC PULSE 






X = X+ 1 








T YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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OKLI semiconductor 



MSM27C256 



32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27C256 is manufactured by the CMOS double silicon gate 
technology and is contained in the 28 pin package. 



FEATURES 

• +5V single power supply 

• 32768 words x 8 bit configuration 

• Access time: 

MAX 100ns (MSM27C256-10) 

MAX 1 20 ns (MSM27C256-1 2) 

MAX 150 ns (MSM27C256-15) 

MAX 200 ns (MSM27C256-20) 

MAX 250 ns (MSM27C256-25) 



• Power consumption: 

MAX1 65 mW (during operation) 
MAX0.55 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 



(Top View) 



vpp \T Km 


J mvcc 


A, 2 Q[ 


2/jAu 


A' [7 


no Ai 3 


Ae [7 


25] Ae 


As [T 


m A 9 


A4 [£ 


23] An 


A3 IZ 


22]*OE 


A2 E 


27] A 10 


Ai |T 


13 CE 


Ao (To 


H]0' 


Oo (TT 


18] Oe 






o 2 El 


Te) 04 


GND(T4 


13 ° 3 



CE 



OE" 



O0O1 

i_L 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
32768 x 8 bit 



Decoder 



V CC 



"Vpp 



-GND 



Input buffers 

TT 

A0A1 



This specification may be changed without notification. 
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■ EPROM MSM27C256 ■ 

FUNCTION TABLE 



Pins 

Mode ^""^^^ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


vcc 

(28) 


Outputs 


Read 


V| L 


V|L 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V|H 




+5V 


+5V 


High impedance 


Program 


V|L 


V| H 


+12.5V 


+6V 


D|N 


Program Verify 


V| H 


V|L 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 


V|H 


+12.5V 


+6V 


High impedance 



-; Can be either V|l or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C — 125°C 

All Input Voltage V|n -0.6V ~ 1 3V 

All Output Voltage VquT -0.6V ~ Vcc +0-5V 

Vcc Supply Voltage V C c -0.6V ~~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 

RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.5 


5.0 


5.5 






V 


Vpp Voltage 


Vpp 


4.5 


5.0 


5.5 




V C c=5V±10% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


2.0 




vcc 

+0.5 


0°C ~ 70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(Vcc = 5V±1 0%, Vpp = V C c, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


•li 


V|n = 5.5V 






1 


M A 


Output Leakage Current 


•lo 


v OUT = 5 - 5V 






1 


/LtA 


Vcc Power Current (Stand-by) 


'CCi 


CE = Vqc 






100 


IjlA 


Vcc Power Current (Operation) 


'cc 2 


CE=V| L 






30 


mA 


rrogram rower v^urrenx 


Ipp1 


vpp = vcc 






100 


A 

/xA 


Input Voltage "H" Level 


V|H 




2.0 




vcc 

+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


l 0H = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±1 0%, Vpp = V C c, Ta = 0°C ~ 70°C) 







Conditions 


27C256-10 


27C256-12 


27C256-15 


27C256-20 


27C256-25 




Parameter 


Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Unit 


Address Access Time 


X ACC 


CE=OE = V, L 




100 




120 




150 




200 




250 


ns 


CE Access Time 


tCE 


OE = V| L 




100 




120 




150 




200 




250 


ns 


OE Access Time 


tOE 


CE = V, L 




50 




50 




60 




70 




100 


ns 


Output Disable Time 


t DF 


CE = V| L 


0 


40 


0 


40 


0 


50 


0 


55 


0 


60 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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-■ EPROM MSM27C256 i 



TIME CHART 



Address input 



X 



CE 



OE 



Data output 



X 



\ 



-t C E- 



-»ACC- 



/ 



J t 0 E -Ht DF H 

<ZZ3 
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< PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(V CC =5.75V -6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


»LI 


V| N = 5.5V f 


_ 


_ 


10 


fiA 


Vpp Power Current 


lpp 2 


CE = V| L ,OE=V|H 






50 


mA 


Vqc Power Current 


>CC 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




V CC +05 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = _4 °0 M A 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V -6.5V , Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






/LtS 


OE Set-up Time 


*OES 




2 






/is 


Data Set-up Time 


*DS 




2 






fJLS 


Address Hold Time 


*AH 




0 






fxS 


Data Hold Time 


*DH 




2 






fxS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 






us 


CE Initial Program Pulse Width 


tpw 


Vcc=6V±0.25V 


0.95 


1.0 


1.05 


ms 


CE Program Pulse Width 


t PW 


Vcc=6.25V±0.25V 


95 


100 


105 


MS 


CE Overprogram Pulse Width 


*OPW 


Vcc=6V±0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 
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TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



< 



ADDRESS N 



-tAS 



4 



DATA INPUT 



-tvs-*- 



CE 



OE 



> — <: 



5 7 t DH 



-#tQPW^ 



5C 



-tQES- 



tOE 



tAH 



DATA 
OUTPUT 



> 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, V CC = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


c OUT 


VQUT=OV 






15 


PF 
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Q START~~^) 







ADDRESS = FIRST LOCATION 



INCREMENT 
ADDRESS 



Vcc = 6.25V 



Vpp = 12.75V 



X = 0 




YES 



PROGRAM ONE 100 /uSEC PULSE 



X = X + 1 




I YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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■ EPROM MSM27C256 ■ 



Q START ) 



INCREMENT 
ADDRESS 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X + 1 




FAIL ^ VERIFY 
ONE BYTE 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc = 


5V 


Vpp = 


5V 




^ DEVICE FAILED ) 



Programming Flowchart Example (II) 
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CJItl semiconductor 



MSM27C256H 



32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C256H is a 32768 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C256H is manufactured by the CMOS double 
silicon gate technology and is contained in the 28 pin package. 



FEATURES 

• +5V single power supply 

• 32768 words x 8 bit configuration 

• Access time: 

MAX 55 ns (MSM27C256H-55) 
MAX 70 ns (MSM27C256H-70) 



• Power consumption: 

MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 

• OUTPUT TTL compatible 
(three state output) 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



vpp [T v * 


ID v cc 


Ai 2 [T 


2?J Ah 


A* (T 


D A13 


Ae (T 


25) As 


As [T 


24] A 9 


A4 (T 


23] An 


A 3 (T 


22] OE 


A 2 |T 


2T1 A 10 


Ai[T 


20] CE 


Ao Qo 


19] 0, 


Oo (77 


H] Oe 


Oi(72 


33 Os 






gndOI 


m ° 3 



CE 



OE" 



O0O1 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
32768 x 8 bit 



Decoder 



V CC 



Vpp 



GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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FUNCTION TABLE 



Pins 

Mode 


CE 
(20) 


OE 

(22) 


Vpp 
(1) 


vcc 

(28) 


OutDUtS 


Read 


V|L 


V|L 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V| H 




+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


+12.5V 


+6V 


D|N 


Program Verify 


V|H 


V|L 


+12.5V 


+6V 


Dout 


Program Inhibit 


V|H 


V|H 


+12.5V 


+6V 


High impedance 



-; Can be either V||_ or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C~125°C 

All Input Voltage V| N -0.6V ~ 13V 

All Output Voltage VqijT -0.6V- Vqc + 0-5V 

Vcc Suply Voltage Vcc -0.6V ~7V 

Program Voltage V pp - 0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vfjc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




Vcc=5V±5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


3.0 




V C C + 0.5 


0°C ~ 70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.3 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(Vqc = 5V±5%, Vpp = Vqq, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V||s| = 5.25V 






10 


mA 


Output Leakage Current 


>LO 


v OUT = 5.25V 






10 




Vqq Power Current (Stand-by) 


•CCi 


CE=Vj|-| /=10MHz 






35 


mA 


Vqq Power Current (Operation) 


•cc 2 


CE=V||_ ;-lUMHZ 






100 


mA 


rroyram rower ourrenx 


Ippi 


Vpp = VQQ 






5 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vcc + 0.5 


V 


Input Voltage "L" Level 


V)L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


iOH = -4 mA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 8 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqq = 5V±5%, Vpp = Vqq, Ta = 0°C ~ 70°C) 









27C256H-55 


27C256H-70 




Parameter 


Symbol 


Conditions 


Min. 


Max. 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE = OE = V| L 




55 




70 


ns 


CE Access Time 


tCE 


OE = V, L 




55 




70 


ns 


OE Access Time 


*OE 


CE = V, L 




25 




30 


ns 


Output Disable Time 


t DF 


CE = V| L 


0 


20 


0 


25 


ns 



Measurement condition 

Input pulse level 0V and 3.0V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 30pF 

Output timing reference level 0.8V and 2.0V 
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-■ EPROM • MSM27C256H ■ 



TIME CHART 



Address input 



X 



CE 



OE 



Data output 



X 



V / 



-'acc- 



y 



tOE -A 



tDF 
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■ EPROM • MSM27C256H ■ 



< PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(V CC = 5.75 ~ 6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V|N = 5.25V 


— 


- 


10 


jxfK 


Vpp Power Current 


IPP2 


CE=V, L> OE=V|H 






50 


mA 


Vcc Power Current 


•cc 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




VCC + 0-5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


lQH = -4mA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql- 8mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






M s 


OE Set-up Time 


*OES 




2 






fxS 


Data Set-up Time 


*DS 




2 






us 


Address Hold Time 


tAH 




0 






/uS 


Data Hold Twne 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 






MS 


CE Initial Program Pulse Width 


tp W 


Vcc = 6V± 0.25V 


0.95 


1.0 


1.05 


ms 


CE Program Pulse Width 


tpw 


V C C = 6.25V ± 
0.25V 


95 


100 


105 


MS 


CE Overprogram Pulse Width 


^OPW 


Vcc = 6V± 0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 
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■ EPROM MSM27C256H ■ 



TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



< 



ADDRESS N 



-tAS 



4 



DATA INPUT 



-tDS-^ 



■*-tvs- 



CE 



OE 



> < 



5 7 t DH 



5C 



-tQES- 



tOE 



DATA 
OUTPUT 



> 



*DFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, V cc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


COUT 


V 0 UT=OV 






15 


PF 
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■ EPROM • MSM27C256H ■ 



( start""^) 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 






Vpp = 


12.75V 



x = o 



X = 25 



YES 





NO 


! PROGRAM ONE 1 00 /iSEC PULSE 






X = X + 1 








| YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



3 



Programming Flowchart Example (1) 
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-■ EPROM • MSM27C256H ■ 



INCREMENT 
ADDRESS 



f START } 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp = 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 



FAIL ^^VERIFY 
ONE BYTE 



PASS 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc = 


5V 


Vpp = 


5V 




DEVICE FAILED 



3 



Programming Flowchart Example (II) 
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OKI semiconductor 



MSM27C1024 



65536 X 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C1024 is a 65536 words x 16 bit ultraviolet erasable and electrically programmable 
read-only memory. Users can freely prepare the memory content, which can be easily changed, so 
the MSM27C1024 is ideal for microprocessor programs, etc. The MSM27C1024 is manufactured by 
the CMOS double silicon gate technology and is contained in the 40 pin package. 



FEATURES 

• +5V single power supply 

• 65536 words x 1 6 bit configuration 

• Access time: 

MAX120 ns (MSM27C1 024-12) 
MAX1 50 ns (MSM27C1 024-1 5) 
MAX200 ns (MSM27C1 024-20) 



• Power consumption: 

MAX 165 mW (during operation) 
MAX 5.5mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



PIN CONFIGURATION 



vp P \T 


40| Vqc 


CE \T 


39| PGM 


o, 5 [T 


38] NC 


0,4 [7 


37] A, 5 


0i 3 [£~ 


36] Am 


0,2 OE 


35] A,3 




34] A12 


Oio |T 


33] An 


o 9 (T' 


32) A, 0 


Os[lO 


3l] A 9 


v S s[iT 


30] V SS 


0[?2 


EH Ae 


° 6 [n 


28] A^ 


0s Ei 


27] Ae 


04(15 


26] A 5 


° 3 01 


ED A " 


° 2 EZ 


24] A3 


d[l8 


23] A 2 


O 0 [l9 


22| A, 


OE J20 


Tj\ Ao 



FUNCTIONAL BLOCK DIAGRAM 



0, o, 

1 1- 



0|5 



Output buffers 



Memory matrix 
65536 x 16 bit 



TT 



This specification may be changed without notification. 
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■ EPROM MSM27C1024 ■ 



FUNCTION TABLE 



Pins 






PGM 








CE 


OE 


VPP 


VCC 


Outputs 


Mode ^^-^^ 


(2) 

\ £ -/ 


(20) 


(39) 


(1) 


(40) 




Read 


V|L 


V| L 




vcc 


+5V 


D OUT 


Output Disable 


V|L 


VlH 




vcc 


+5V 


High impedance 


Stand-by 


V|H 






vcc 


+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V|l or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~~ 1 25°C 

All Input/Output Voltages V|m, Vqut Vjn = -0.6V — 1 3V, 

v OUT = -0.6V ~ V C C + 0.5V 

Vcc Supply Voltage Vcc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.5 


5.0 


5.5 






V 


Vpp Voltage 


Vpp 


4.5 


5.0 


5.5 


0°C ~70°C 


Vcc~5V±0.5V 
Vpp=V C c 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




VcC + 0-5 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(Vcc = 5V± 1 0%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|N = 5.5V 






10 


fxA 


Output Leakage Current 


>LQ 


v OUT = 5.5V 






10 


ptA 


Vcc Power Current (Stand-by) 


•CCi 


CE=V CC 






1 


mA 


Vcc Power Current (Operation) 


lCC 2 


CE=V| L 






30 


mA 


Program Power Current 


Ippi 


Vpp = v C c 






10 




Input Voltage "H" Level 


V| H 




2.0 




V CC +0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = -400 /iA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±1 0%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


27C1000- 
12 


27C1000- 
15 


27C1000- 
20 


Unit 








Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Address Access Time 


tACC 


CE = OE=V| L , 




120 




150 




200 


ns 


CE Access Time 


tCE 


OE=V, L , 




120 




150 




200 


ns 


OE Access Time 


tOE 


CE=V, L> 




50 




60 




70 


ns 


Output Disable Time 


tDF 


CE=V, L , 


0 


40 


0 


50 


0 


55 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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IEPROMMSM27C1024I 



TIME CHART 



Address input 



X 



CE 



OE 

Data output 



X 



V / 

k— tCE — *i 



-tACC" 
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DC CHARACTERISTICS 

(V CC - 6.25V+0.25V, Vpp = 1 2.75V+0.25V, Ta - 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 




Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V|N =5.5V 






10 


fiA 


Vpp Power Current 


IPP2 


CE -PGM =V| L 






50 


mA 


Vqc Power Current 


'CC 






- 


30 


mA 


Input Voltage "H" Level 


V| H 


- 


2.0 




VcC + 0-5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


lOH = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 6.25V+0.25V, Vpp = 1 2.75V±0.25V, Ta = 


: 25°C±5°C) 










Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






MS 


OE Set-up Time 


*OES 




2 






fxS 


Data Set-up Time 


*DS 


_ 


2 






M s 


Address Hold Time 


tAH 


— 


0 






MS 


Data Hold Time 


*DH 


- 


2 






MS 


Output Enable to Output 
Float Delay 


tDFP 


_ 


0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






MS 


PGM Program Pulse Width 


t PW 




95 


100 


105 


jus 


CE Set-up Time 


tCES 




2 






^us 


Data Valid from OE 


tOE 








150 


ns 
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■ EPROM MSM27C1024 ■ 



TIME CHART 



Address 
input 



ss \J 

A 



Data 

input/output 



< 



Vpp 



CE 



PGM- 



OE 



\ 



ADDRESS N 



4 



DATA INPUT 



-«-*vs- 



> < 

tOE 



r ^ *dh 



^_tp W ^. 



x: 



*ah 



DATA 
OUTPUT 

tDFP 



> 



I 



-tOES- 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


c OUT 


v 0 ut = ov 






15 


PF 



MSM27C1024 IDENTIFIER BYTES 



^^\F' ns 
Code 


Ao 
(21) 


D 15 ~D 8 
(3) -(10) 


D 7 
(12) 


D 6 
(13) 


D 5 
(14) 


D 4 
(15) 


D 3 
(16) 


D 2 
(17) 


(18) 


D 0 
(19) 


Hex 
Data 


Manufacter 
Code 


V|L 


0-0 


1 


0 


1 


0 


1 


1 


1 


0 


OOAE 


Device Code 


V| H 


0-0 


0 


0 


0 


0 


0 


1 


1 


1 


0007 



Notes: 1. A 9 =1 2.0 ± 0.5V 

2. A, ~ A 8 , A 10 - A 15/ CE, OE = V| L , PGM = V, H OR V, L , Vpp = V C C 
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■ EPROM • MSM27C1024 ■- 



INCREMENT 
ADDRESS 



Q start"^) 



ADDRESS = FIRST LOCATION 



Vcc = 6.25V 



Vpp= 12.75V 



X = 0 



X = 25 



YES 



Jl NO 


PROGRAM ONE 100 /uSEC PULSE 










X = X + 1 





FAIL 



NO 




Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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Of£.I semiconductor 



MSM27C2000 



262144 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C2000 is a 262144 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2000 is manufactured by CMOS double 
silicon gate technology and is contained in the 32 pin package. 



FEATURES 



+5V single power supply 

262,144 words x 8 bit configuration 

Acces time: 

MAX100 ns (MSM27C2000-10) 
MAX120 ns (MSM27C2000-12) 
MAX150 ns (MSM27C2000-15) 



• Power consumption: 

MAX385 mW (during operation) 
MAX28 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



PIN CONFIGURATION 



vpp \T 


32| V CC 


A 16 [T 


3j\ PGM 


Ai 5 pr 


3o] A 17 


A, 2 [T 


37] Am 


A? [T 


28] A 13 


Ae [F 


27] Aa 


A 5 [T 


26l A 9 


A <Q[ 


25j A11 


a 3 QT 


24] OE 


a 2 [To 


23] A10 


Ai QT 


22] CE. 


Ao [T? 


21] o, 


Oo\±3 


20] Oe 


Oi[u 


lU ° 6 


o 2 [7? 


18] 04 


vssJTjs 


33 Oa 



FUNCTIONAL BLOCK DIAGRAM 



O0O1 



Output buffers 



Memory matrix 
262144x8 bit 



Tf r 

A0A1 A 17 



This specification may be changed without notification. 
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■ EPROM • MSM27C2000 ■ 
FUNCTION TABLE 



Pins 

Mode 


CE 

(22) 


OE 
(24) 


PGM 

(31) 


VPP 

(1) 


VCC 
(32) 


Outputs 


Read 


V| L 


V|L 




+5V 


+5V 


DOUT 


Output Disable 


V|L 


V|H 




+5V 


+5V 


High impedance 


Stand-by 


V|H 






+5V 


+5V 


High impedance 


Program 


V| L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V| L 


V|L 


V|H 


|+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V|l or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V| N -0.6V ~ 13.5V 

VouT -0.6V~V C C + 0-5V 

VcC Supply Voltage V C c -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


V CC Power Supply 
Voltage 


vcc 


4.5 


5.0 


5.5 






V 


Vpp Voltage 


Vpp 


4.5 


5.0 


5.5 






V 


"H" Level Input 
Voltage 


V|H 


2.0 




V cc +0.5 


0°C ~70°C 


VcC=5V± 5% 
Vpp=Vcc 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM • MSM27C2000 ■ 



DC CHARACTERISTICS 

(VqC = 5V±10%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V||sj - 5.5V 






10 


/xA 


Output Leakage Current 


'LO 


v OUT 13 5.5V 




■ 


10 


M A 


Vqc Power Current (Stand-by) 


"CCi 


CE=V, H 






5 


mA 


Vcc Power Current (Operation) 


'CC 2 


CE=V| L 






70 


mA 


Program Power Current 


Ippi 


Vpp=Vcc 






100 


MA 


Input Voltage "H" Level 


V| H 




2.0 




V cc +0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 /liA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 21 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±10%, Ta - 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


27C2000-10 


27C200-12 


27C2000-15 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


tACC 


CE=OE=V| L 




100 




120 




150 


ns 


CE Access Time 


tCE 


OE=V IL 




100 




120 




150 


ns 


OE Access Time 


tOE 


CE=V, L 




50 




50 




60 


ns 


Output Disable Time 


tDF 


CE=V IL 


0 


40 


0 


40 


0 


50 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE -I- 1 0OpF 

Output timing reference level 0.8V and 2.0V 



545 



■ EPROM MSM27C2000 ■ 
TIME CHART 



Address input 



X 



CE 



OE 



Data output 



X 




«CE- 



~\ r 
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■ EPROM • MSM27C2000 ■ 



< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(V CC - 6.25V±0.25V, Vpp = 1 2.75V±0.25V f Ta - 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|n = 5.5V 






1 0 


/xA 


Vpp Power Current 


IPP2 


f\C OZ"> K A V/.. 

Cc = PGM = V|L 






50 


mA 


V CC Power Current 


'cc 








70 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vcc+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH = "400 fiA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V C C = 6.25V+0.25V, Vpp = 1 2.75V±0.25V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






MS 


OE Set-up Time 


k)ES 




2 






/xS 


Data Set-up Time 


*DS 




2 






/IS 


Address Hold Time 


*AH 




0 






MS 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


*VS 




2 






MS 


PGM program Pulse Width 


t PW 




95 


100 


105 


MS 


CE Set-up Time 


tCES 




2 






MS 


Data Valid from OE 


tOE 








150 


ns 
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■ EPROM • MSM27C2000 ■ 
TIME CHART 



Address 
input 



3 SS 



*-t AS 



Data 

input/output 



Vpp 



CE 



< 



PGM- 



OE 



ADDRESSN 



4 



DATA INPUT 



♦■tcES-^ 



> < 



>tpw< 



-tOES- 



tOE 



*AH 



DATA 
OUTPUT 



*DFP 



> 



CAPACITANCE 

(Ta * 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


c OUT 


V O UT=0V 






15 


PF 



MSM27C2000 



IDENTIFIER BYTES 



^\Pins 


Ao 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


D, 


D 0 


Hex 


Code 


(12) 


(21) 


(20) 


(19) 


(18) 


(17) 


(15) 


(14) 


(13) 


Data 


Manufacter 
Code 


V|L 


1 


0 


1 


0 


1 


1 


1 


0 


AE 


Device Code 


V| H 


1 


0 


0 


0 


1 


0 


0 


1 


89 



Notes: 1. A 9 = 1 2.0 ± 0.5V 

2. A, ~ As, A 10 ~ A 17 , CE, OE = V, L , PGM = V, H OR V, L , Vpp = V CC 
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■ EPROM MSM27C2000 ■ 




INCREMENT 
ADDRESS 





NO 


PROGRAM ONE 100 M SEC PULSE 






X = X + 1 








Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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Of£I semiconcluctor 



MSM27C2048 



131072 X 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C2048 is a 131072 words * 16 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2048 is manufactured by CMOS double 
silicon gate technology and is contained in the 40 pin package. 



FEATURES 

• +5V single power supply 

• 1 31 072 words x 1 6 bit configuration 

• Acces time! 

MAX100 ns (MSM27C2048-10) 
MAX120 ns (MSM27C2048-12) 
MAX150 ns (MSM27C2048-15) 



• Power consumption: 

MAX550 mW (during operation) 
MAX28 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 



PIN CONFIGURATION 



vpp [T v 


40] V C C 


CE [T 


3§ PGM 




3g] A 16 


0,4 E 


37\ Ai. 


O13 [F 


36] Ah 


012 [F 


^ A13 




34] A12 


do [F 


33] An 


°» [£ 


32j A 10 


08 lis 


3l] A 9 


v S s|iT 


30] V SS 


0^(12 


29] Ae 


Oe[l3 


28j A^ 


o 5 [u 


|t] Ae 


04 [7 


26j A 5 


Oa [16 


25] A4 


o 2 [T7 


24] A3 


Oi[?8 


23j A2 


Oo EI 


22| Ai 


OE [20 


2lJ Ao 



FUNCTIONAL BLOCK DIAGRAM 



O0O1 



Output buffers 



Memory matrix 
131072 X 16 bit 



♦ Input buffers 



A0A1 



T 

A„ 



This specification may be changed without notification 



- GfiJD 
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■ EPROM ■ MSM27C2048 ■ 



FUNCTION TABLE 



Pins 

Mode ^^^^^ 


Ub 
(2) 


Ub 
(20) 


(39) 


Vrr 

(1) 


VOL- 
(40) 


Outputs 


Read 


V|L 


V|L 


— 


+5V 


+5V 


DOUT 


Output Disable 


V|L 


V|H 




+5V 


+5V 


High impedance 


Stand-by 


V|H 






+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V||_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V|n -0.6V ~ 1 3.5V 

VOUT -O.6V-VCC+0.5V 

Vcc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.5 


5.0 


5.5 






V 


Vpp Voltage 


Vpp 


4.5 


5.0 


5.5 


0°C~70°C 


VCC=5V±10% 

Vpp=v cc 


V 


"H" Level Input 
Voltage 


V| H 


2.00 




Vcc+0-5 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ EPROM • MSM27C2048 ■ 



DC CHARACTERISTICS 

(Vcc = 5V±10%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


"IN ~ 3-^" 






10 


A 


Output Leakage Current 


1, r, 
'LO 


\/^m i-i R C\/ 

VQUT " 5.0V 






10 


/xA 


Vqq Power Current (Stand-by) 


'CCi 


CE = V| H 






5 


mA 


Vqq Power Current (Operation) 


'cc 2 


CE = V||_ 






lUU 


mA 




Inn 1 


V MM — V CC 






100 




Input Voltage "H" Level 


V|H 




2.0 




VcC+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


| QH =-400 fiA 


2.4 






V 


Output Voltage "L" Level 


vol 


IOL = 2 - 1 mA 






0.45 


V 



AC CHARACTERISTICS 

(V C C = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


27C2048-10 


27C2048-12 


27C2048-15 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Address Access Time 


tACC 


CE = OE=V| Ll 




100 




120 




150 


ns 


CE Access Time 


tCE 


OE = V, L , 




100 




120 




150 


ns 


OE Access Time 


tOE 


CE=V, L , 




50 




50 




60 


ns 


Output Disable Time 


tDF 


CE=V| L , 


0 


40 


0 


40 


0 


50 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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-■ EPROM • MSM27C2048 1 



TIME CHART 



Address input 



X 



CE 



OE 



Data output 



X 



»CE- 



"tACC * 



< 



/ 



tOE -HtDF 



> 
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■ EPROM • MSM27C2048 ■ 



< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(V C c = 6.25V+0.25V, Vpp - 1 2.75V+0.25V, Ta - 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|N = 5.5V 






10 


^A 


Vpp Power Current 


lpp 2 


CE = PGM = V||_ 






50 


mA 


Vcc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




VcC + 0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


I 0 h = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V CC = 6.25V+0.25V, Vpp = 1 2.75V+0.25V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






/LIS 


OE Set-up Time 


tOES 




2 






MS 


Data Set-up Time 


*DS 




2 






fxS 


Address Hold Time 


*AH 




0 






MS 


Data Hold Time 


*DH 




2 






fJLS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






fiS 


PGM Program Pulse Width 


t PW 




95 


100 


105 


MS 


CE Set-up Time 


tCES 




2 






MS 


Data Valid from OE 










150 


ns 
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i EPROM MSM27C2048 1 



TIME CHART 



Address 
input 



Data 

input/output 



< 



«*-t DS -* 



Vpp 



CE 



PGM- 



OE 



\ 



ADDRESS N 



4 



DATA INPUT 



-*-*vs-* 



"«-tCES-* 



> < 

tOE 



P ^ t DH 



^-tpw-^ 



tAH 



DATA 
OUTPUT 

*DFP 



> 



- l OES- 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V| N =OV 






12 


PF 


Output Capacitance 


c OUT 


V 0 UT=OV 






15 


PF 



MSM27C2048 IDENTIFIER BYTES 



Pins 


Ao 


D15 


~D 8 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 




Do 


Hex 


Code 


(21) 


(3)' 


-(10) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


Data 


Manufacter 
Code 


V|L 


0 


~0 


1 


0 


1 


0 


1 


1 


1 


0 


OOAE 


Device Code 


V|H 


0 


~0 


0 


0 


0 


0 


1 


0 


1 


1 


000B 



Notes: 1. A 9 =1 2.0 ± 0.5V 

2. A, ~ A 8 , A 10 ~ A 16 , CE, OE = V| L , PGM = V, H OR V, L , Vpp = V CC 
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■ EPROM • MSM27C2048 ■- 



INCREMENT 
ADDRESS 



Q START J 



ADDRESS = FIRST LOCATION 



Vcc = 6.25V 



Vpp= 12.75V 



X = 0 




YES 



PROGRAM ONE 100 mSEC PULSE 



X = X + 1 



FAIL 






YES 


Vcc 
Vpp 


= 5V 
= 5V 








_L 



DEVICE FAILED 



J 



Programming Flowchart Example (I) 
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OI^I semiconductor 



MSM2764AZB 

8,1 92 x 8-BfT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM2764AZB is a 8,192 words x 8-bit electrically programmable read-only memory. The 
MSM2764AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 

(OKI can provide programming service as per customer's request.) 



FEATURES 



• +5V single power supply 

• 8,1 92 words x 8-bit configuration 

• Access time: MAX1 50 ns 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(3-state output) 

• 28-pin DIP 



PIN CONFIGURATION 



(Top View) 



vpp \T v 


mvcc 


Ai 2 |T 


m pgm 


[T 


26] NC 


Ae (T 


25] Aa 


As (T 


24] A 9 


A4 \T 


23] An 


A3 \T 


22] OE 


A? [T 


2T] A 10 


Ai |T 


20] CE 


Ao (To 


n] o^ 


Oo (77 


H] Oe 


Oi Q2 


m Os 


o 2 m 


m 04 


GND 


15] 03 



FUNCTIONAL BLOCK DIAGRAM 



PGM- 



CE 



OE" 



O0O1 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
8192 x 8 bit 



-Vpp 



Decoder 



GND 



Input buffers 



TT 

A0A1 A12 

This specification may bechanged without notification. 
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FUNCTION TABLE 



Pins 

Mod© ^^^^ 


ut 
(20) 


vJt 

(22) 


(27) 


vpp 

(D 


V CC 
(28) 


Outputs 


Read 


Vn 
V IL 


V IL 


VlLJ 

V IH 


+5V 


+5V 


Dout 


Outout Disable 


V IL 


Viu 
V IH 


Viu 
v Irl 


+5V 


+5V 


Hicih imoedance 


Stand-by 


V|H 






+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+12.5V 


+6V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 






+12.5V 


+6V 


High impedance 



— ; Can be either V|l or V|u 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages Vjn, VquT -0.6V ~ 1 3.5V 

Vcc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Unit 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




Vcc~5V±5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND. 
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■ OTP MSM2764AZB ■ 



DC CHARACTERISTICS 

(Vqc = 5V±5%, Vpp = V C C. Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V| N = 5.25V 


- 


- 


10 


ma 


Output Leakage Current 


lLO 


V 0 UT = 5.25V 


- 


- 


10 




V CC Power Current (Stand-by) 


ICCi 


CE=V| H 


- 


- 


35 


mA 


Vcc Power Current (Operation) 




CE=V, L 






100 


mA 


Program Power Current 


Ippi 


Vpp = v C c 






5 


mA 


Input Voltage "H" Level 


V|H 




2.0 




VrjC+1 


V 


Input Voltage "L" Level 


V| L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 fiA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C. Ta = 0°C - 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE = 0E = V| L) PGM = V|H 




150 


ns 


CE Access Time 


tCE 


0E = V| L> PGM-V| H 




150 


ns 


OE" Access Time 


tOE 


CE = V| L ,PGM = V|h 




60 


ns 


Output Disable Time 


tDF 


CE = V| L , PGM = V| H 


0 


50 


ns 



TIME CHART 




Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ OTP MSM2764AZB ■ 



PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V+0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


K A in 

Mm. 


Typ. 


Max. 


Input Leakage Current 


"LI 


\/.. . c oc\/ 

V| fsj = 0-25V 






■i r\ 
I 0 


A 

fxn 


Vpp Power Current 


IPP2 


Ob — roM — V|[_ 






50 


mA 


Vqc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 fxA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 21 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V+0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


*AS 




2 








OE Set-up Time 


*OES 




2 






ixs 


Data Set-up Time 


*DS 




2 






/xS 


Address Hold Time 


*AH 




0 






/IS 


Data Hold Time 


*DH 




2 






fxS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 






/uS 


PGM Initial Program Pulse Width 


tpw 


Vcc =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


PGM High Speed Initial 
Program Pulse Width 


tp W 


Vcc=6-25V± 
0.25V 


95 


100 


105 


MS 


PGM Overprogram Pulse Width 


*OPW 


V C C =6V± 0.25V 


2.85 




78.75 


ms 


CE Set-up Time 


*CES 




2 






MS 


Data Valid from OE 


tOE 








150 


ns 
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■ OTP • MSM2764AZB ■ 



TIME CHART 



Address 
input 



5lX 



Data 

input/output 



< 



■*-tos- 



Vpp 



CE 



\ 



ADDRESS N 



4 



DATA INPUT 



^CES-^ 



PGM- 



> — <; 

tOE 



-#t 0 pw^ 



-tOES- 



OE 



*AH 



DATA 
OUTPUT 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V| N =OV 




4 


6 


PF 


Output Capacitance 


Cqut 


V 0 UT=OV 




8 


12 


PF 
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Q START^) 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


i 


Vpp = 


12.75V 




YES 





NO 


PROGRAM ONE 100 M SEC PULSE 






X = X+1 








J YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



3 



Programming Flowchart Example (I) 
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Q START ^ ) 



INCREMENT 
ADDRESS 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 




FAIL ^^VERIFY 
ONE BYTE 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (II) 
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OI£I semiconductor 



MSM271 28AZB 

16,384 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM271 28AZB is a 1 6,384 words x 8-bit electrically programmable read-only memory. The 
MSM27128AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 

(OKI can provide programming service as per customer's request.) 



FEATURES 



• +5V single power supply 

• 1 6,384 words x 8-bit configuration 

• Access time: MAX1 50 ns 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 

• 28-pin DIP 



PIN CONFIGURATION 

(Top View) 



vpp [T v " 


J H)vcc 


A12 [7 


27] PGM 


A. (T 


26] A 13 


A 6 [T 


HD Ae 


As (T 


13 Ag 


A 4 (T 


m An 


A 3 (T 


m of 


A 2 |T 


2T) A 10 


Ai [T 


20JCE 


Ao Qo 


H]0' 


Oo 


H] Oe 


Oi [72 


T7] Os 


OzGl 


m 04 


GND(T4 


15] o 3 



FUNCTIONAL BLOCK DIAGRAM 



PGM- 



CE • 



0E" 



O0O1 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
16384 x 8 bit 



V CC 



-Vpp 



Decoder 



-GND 



Input buffers 



TT 

A0A1 



T 

A13 



This specification may be changed without notification. 
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FUNCTION TABLE 



Pins 

IVIUUc 


_ 

CE 

(20) 


_ 
OE 
(22) 


PGM 

(27) 


Vpp 
(1) 


V CC 
(28) 


Outputs 


Rsad 


V IL 


\/n 

V IL 


V IH 


V 


_i_c:\/ 
tOV 


Dout 


UUl|JUl UloaUIC 


V IL 


\/,, , 
V IH 


V IH 


T yJ V 


TO V 


Minh irtinoHanfo 
niyii 1 1 1 ipcuai ilc 


Stand-by 


V|H 






+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+12.5V 


+6V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+12.5V 


+6V 


Dout 


Program Inhibit 


V|H 






+12.5V 


+6V 


High impedance 



— ; Can be either V||_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C — 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages V )N , V 0 UT -0.6V ~ 1 3.5V 

Vcc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 1 4V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




Vcc=5V±5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND. 
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DC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C. Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V| N = 5.25V 


- 


- 


10 




Output Leakage Current 


«LO 


V0UT = 5.25V 


- 


- 


10 


ma 


V CC Power Current (Stand-by) 


'CCi 


CE=V, H 


- 


- 


35 


mA 


Vcc Power Current (Operation) 


>CC 2 


CE=V| L 






100 


mA 


Program Power Current 


Ippi 


Vpp=V CC 






5 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


Iqh =-400 /LtA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = Vcc- Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE-0E = V| L) PGM = V| H 




150 


ns 


CE Access Time 


tCE 


0E = V| L ,PGM = V|H 




150 


ns 


OE Access Time 


tOE 


CE = V| L ,PGM-V|H 




60 


ns 


Output Disable Time 


tDF 


CE = V| L ,PGM = V| H 


0 


50 


ns 



TIME CHART 
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Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(V CC = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V||\J — O./^OV 






I U 


^A 


Vpp Power Current 


IPP2 


f^P — on. KA — \/n 






50 


mA 


Vcc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = -400 /jlA 


2.4 






V 


Output Voltage "L" Level 


vol 


l0L = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






fxS 


OE Set-up Time 


tOES 




2 






fiS 


Data Set-up Time 


*DS 




2 






fiS 


Address Hold Time 


*AH 




0 






fxS 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






^s 


PGM Initial Program Pulse Width 


t PW 


V C C =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


PGM High Speed Initial 
Program Pulse Width 


tpw 


Vcc = 6.25V ± 
0.25V 


95 


100 


105 


fxS 


PGM Overprogram Pulse Width 


*OPW 


Vcc =6V± 0.25V 


2.85 




78.75 


ms 


CE Set-up Time 


*CES 




2 






^s 


Data Valid from OE 


tOE 








150 


ns 
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■ OTP MSM27128AZB ■ 
TIME CHART 



Address 
input 



9 SS 



Data 

input/output 



< 



Vpp 



CE 



PGM- 



OE 



\ 



ADDRESS N 



DATA INPUT 



-tDS" 



-«-tvs- 



♦-tcES-^ 



> — <: 

tOE 



5 7 t DH 



<*-tp W 



-tQES- 



*AH 



DATA 
OUTPUT 



tDFP 



> 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C IN 


V, N =OV 




4 


6 


PF 


Output Capacitance 


c OUT 


V 0 UT=OV 




8 


12 


PF 
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Q START ) 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 






Vpp = 


12.75V 



INCREMENT 
ADDRESS 




YES 





NO 


PROGRAM ONE 100 juSEC PULSE 






X = X + 1 







FAIL 




| YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



3 



Programming Flowchart Example (I) 
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■ OTP - MSM27128AZB ■ 



( START 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 



FAIL ^^VERIFY 
ONE BYTE 



PASS 



INCREMENT 
ADDRESS 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc = 


5V 


Vpp = 


5V 




^ DEVICE FAILED ) 



Programming Flowchart Example (II) 
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semiconductor 



MSM27256 

32,768 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27256ZB is a 32768 words x 8-bit electrically programmable read-only memory. The 
MSM27256ZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 

(OKI can provide programming service as per customer's request.) 
FEATURES 

• +5V single power supply • Power consumption: 

• 32768 words x 8-bit configuration MAX525 mW (during operation) 

• Access time: MAX1 70 ns MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(3-state output) 

• 28-pin DIP 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 



(Top View) 



vpp [T v - 


i]vcc 


A12 |T 


27] Au 


A 7 (T 


ID A13 


Ae (T 


25] Ae 


A 5 (T 


24] A 9 




23) An 


A 3 [T 


H]OE 


A 2 |T 


2?) A 10 


Ai (T 


lo)CE 


Ao (To 


HIO 7 


Oo (iT 


jU Oe 


Oi (12 


IDO5 


02Q3 


m 04 


GND Qi 


Ts\ 0 3 



CE 



OE" 



O0O1 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
32768 x 8 bit 



Decoder 



V CC 



Vpp 



GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ OTP MSM27256ZB ■ 
FUNCTION TABLE 



^^v. Pins 
Mode 


CE 

(20) 


OE 

(22) 


Vpp 

(1) 


vcc 

(28) 


Outputs 


Read 


V|L 


V|L 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V| H 




+5V 


+5V 


High impedance 


Program 


V|L 


V| H 


+1 2.5V 


+6V 


D|N 


Program Verify 


V| H 


V|L 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 


V| H 


+12.5V 


+6V 


High impedance 



— ; Can be either V|i_ or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C — 1 25°C 

All Input/Output Voltages Vjn -0.6V ~ 1 3.5V 

V 0 UT —0.6V ~ 7V 

Vcc Supply Voltage Vcc -0.6V - 7V 

Program Voltage Vpp -0.6V -^14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Unit 


Min. 


Typ. 


Max. 


Temperature 


V CC Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




V CC =5V±5% 
Vpp=V C c 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~ 70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to QND 
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DC CHARACTERISTICS 

(Vqc = 5V±5%, Vpp = V C C> Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"Li 


V| N = 5.25V 






10 


jiA 


Output Leakage Current 


'LO 


V 0 UT = 5-25V 




: 


10 


ma 


Vcc Power Current (Stand-by) 


'CCi 


CE=V| H 






35 


mA 


Vcc Power Current (Operation) 


•cc 2 


CE=V| L 






100 


mA 


Program Power Current 


Ippi 


Vpp = v cc 






5 


mA 


Input Voltage "H" Level 


V| H 




2.0 




VfjC+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH =-400 (xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqc = 5V±5%, Vpp = V C C. T a = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE =OE=V| L 




170 


ns 


CET Access Time 


tCE 


OE=V| L 




170 


ns 


OET Access Time 


tOE 


CE=V| L 




60 


ns 


Output Disable Time 


tDF 


CE=V| L 


0 


50 


ns 



TIME CHART 




Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ OTP • MSM27256ZB ■ 



<PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


l L l 


V| N = 5.25V 






10 


fiA 


Vpp Power Current 


Ipp2 


CE = V| L ,OE = V|H 






50 


mA 


Vcc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 ^A 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






/uS 


OE Set-up Time 


*OES 




2 






us 


Data Set-up Time 


*DS 




2 






us 


Address Hold Time 


*AH 




0 






us 


Data Hold Time 


*DH 




2 






us 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






us 


CE Initial Program Pulse Width 


tpw 


Vcc =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


CE High Speed Initial 
Program Pulse Width 


tpw 


V C C = 6.25V ± 
0.25V 


95 


100 


105 


us 


CE Overprogram Pulse Width 


*OPW 


Vcc =6V± 0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 
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TIME CHART 



Address 
input 



3 SS 



Data 

input/output 



Vpp 



< 



ADDRESS N 



-tAS 



4 



DATA INPUT 



^-t V S- 



CE ■ 



> < 



OE 



x: 



-tOES- 



tOE 



DATA 
OUTPUT 



> 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V| N =OV 




4 


6 


PF 


Output Capacitance 


c OUT 


V 0 UT=OV 




8 


12 


PF 
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( START ^ 



INCREMENT 
ADDRESS 



ADDRESS = FIRST LOCATION 



Vcc = 6.25V 



Vpp= 12.75V 



X = 0 




YES 



PROGRAM ONE 100 M SEC PULSE 



X = X + 1 




| YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



d 



Programming Flowchart Example (I) 
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■ OTP • MSM27256ZB ■ 



INCREMENT 
ADDRESS 



Q START ^ 
ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 



FAIL ^-^VERIFY 
ONE BYTE 



PASS 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (II) 



577 



OI£I semiconcluctop 



MSM2751 2ZB 

65536 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27512ZB is a 65536 words x 8-bit electrically programmable read-only memory. The 
MSM27512ZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 

(OKI can provide programming service as per customer's request.) 



FEATURES 

• +5V single power supply 

• 65536 words x 8-bit configuration 

• Access time: MAX200 ns 



• Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(3-state output) 

• 28-pin DIP 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



Ai 5 [T v " 


J U v cc 


Ai 2 [T 


27] Au 




m An 


Ae [7 


25] Ae 


As Q[ 


24) A 9 


A4 [£ 


23] An 


A 3 |T 


22] OE/Vpp 


A 2 (T 


2T] A 10 


Ai [7 


lo]CE 


Ao Qo 




Oo QT 


18] Oe 


Oi(?2 


IZJOs 


02 111 


]U 04 


GND|T4 


T5) 03 



CE 



OE/Vpp- 



O0O1 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
65536 x 8 bit 



Decoder 



■v cc 



-GND 



Input buffers 



A0A1 



T 

A 15 



This specification may be changed without notification. 
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FUNCTION TABLE 



Pins 

Mode ^^^^ 


CE 
(20) 


OE/Vpp 
(22) 


v C c 

(28) 


Outputs 


Read 


V| L 


V|L 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


High impedance 


Stand-by 


V| H 




+5V 


High impedance 


Program 


V|L 


12.5V 


+6V 


DlN 


Program Inhibit 


V|H 


12.5V 


+6V 


High impedance 



— ; Can be either V||_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25 6 C 

All Input/Output Voltages V iN -0.6V - 1 3.5V* 

Vqut —0.6V ~ 7V 

Vqc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 1 4V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 

RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Unit 


Min. 


Typ. 


Max. 


Temperature 


Vqc Power Supply 
Voltage 


v C c 


4.75 


5.0 


5.25 






V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


0°C ~70°C 


Vcc=5V±5% 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(Vqc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 




Max. 


Input Leakage Current 


h i 

•LI 


Vim = 5 25V 








/jlA 


Output Leakage Current 


'LU 


Voi it = 5 25V 






1 n 


ixk 


Voo Power Current (Stand-bv) 


■CC 1 


CE = Viu 






35 


mA 


Vqc Power Current (Operation) 




CE = Vii 






100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




VfjC+1 


V 


Input Voltage "L" Level 


V| L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vqc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE=OE = V| L 




200 


ns 


CEf Access Time 


tCE 


OE=V, L 




200 


ns 


OE" Access Time 


tOE 


CE=V, L 




70 


ns 


Output Disable Time 


tDF 


CE=V| L 


0 


55 


ns 



TIME CHART 




Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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<PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


KA in 
IVI 111. 


Typ. 


Max. 


Inniit 1 Pflknnp P.nrrpnt 

ii i^/ui i— \^ ci r\a y v> v/ui i cm 


•LI 


Vim = 5 PSV 








/llA 


Vnn Pnu/pr fiurrpnt 
v yjyj runvi vui i cm 




CE =Vn 

v ||_ 






50 


m A 


Vqc Power Current 


'CC 








100 


mA 


Input Voltage "H" Level 


V| H 




2.0 




vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


Iqh =-400 /jlA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


*AS 




2 






fJLS 


OE/Vpp Hold Time 


*DEH 




2 






lis 


Data Set-up Time 


*DS 




2 






lis 


Address Hold Time 


*AH 




0 






/LIS 


Data Hold Time 


*DH 




2 






/LIS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






fJiS 


CE Initial Program Pulse Width 


t PW 


Vcc =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


CE High Speed Initial 
Program Pulse Width 


tpw 


V C C = 6.25V ± 
0.25V 


95 


100 


105 


MS 


CE Overprogram Pulse Width 


tOPW 


Vcc = 6V± 0.25V 


2.85 




78.75 


ms 


Data Valid from CE 


*DV 








1 


(IS 


OE/Vpp Recovery Time 


*vr 




2 






lis 
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TIME CHART 



Address 
input 



Data — 
input/output 



OE/Vpp 



< 



ADDRESS N 



tAS 



*AH 



DATA INPUT 



\ 7 DATA V 

C \ OUTPUT / 



*vs 



*DH 



tDV 



*DFP 



*DEH 



CE 



tQPW. 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 




4 


6 


PF 


Output Capacitance 


c OUT 


v 0 ut = ov 




8 


12 


PF 
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Q START J 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


\ 


Vpp = 


12.75V 



x = o 




PROGRAM ONE 100 /;SEC PULSE 



X = X + 1 



INCREMENT 
ADDRESS 




Vcc = 5V 



OE/Vpp = V, L 




Programming Flowchart Example (I) 
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Q START 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+ 1 



FAIL ^^VERIFY 
JDNE BYTE 



PASS 



INCREMENT 
ADDRESS 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




_Vcc = 5V 
OE/Vpp = V, L 




FAIL 



^ DEVICE FAILED ) 



Programming Flowchart Example (II) 
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OI€.I semiconductor 



MSM271 OOOZB 

131072 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM271 OOOZB is a 131072 words x 8 bit electrically programmable read-only memory. The 
MSM271 OOOZB is manufactured by N channel double silicon gate MOS technology and is contained in the 32 
pin package. 

(OKI can provide programming service as per customer's request.) 



FEATURES 

• +5V single power supply 

• 1 31072 words X 8-bit configuration 

• Access time: MAX200 ns 



Power consumption: 

MAX525 mW (during operation) 
MAX1 84 mW (during stand-by) 

Completely static operation 

INPUT/OUTPUT TTL compatible 

(3-state output) 

32-pin DIP 



PIN CONFIGURATION 

(Top View) 



v P p[T 




IKc 


A, 6 [T 




111 PGM 


A 15 [T 




30] NC 


A 12 [7 




37] Al4 


A 7 [7 




28] A, 3 


A6 [7 




27] A 8 


A 5 (T 




26] A 9 


A* [7 




25] An 


A 3 [7 




24] OE 


A 2 [To 




23) A, 0 


A, [n 




22] CE 


Ao[T2 




2l] 0 7 


Oo[T3 




20] 0 6 


Oi (u 




T9]0 5 


o 2 [T| 




T|] o 4 






W]03 



FUNCTIONAL BLOCK DIAGRAM 



PGM- 



CE 



OE" 



OoO, 

i_L 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
131072X8 bit 



Decoder 



Input buffers 



Tf 

A0A1 Ai6 

This specification may be changed without notification. 



-v cc 



-Vpp 



- GND 
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FUNCTION TABLE 



^^^^ Pins 
Mode 


CE 

(22) 


OE 
(24) 


PGM 
(31) 


VPP 

(1) 


VCC 
(32) 


Outputs 


Read 


V|L 


V|L 


— 


— 


+5V 


DOUT 


Output Disable 


V|L 


V|H 






+5V 


High impedance 


Stand-by 


V|H 








+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+1 2.75V 


+6.25V 


DOUT 


Program Inhibit 


V| H 






+1 2.75V 


+6.25V 


High impedance 



NOTES: 
— ; Can be either V||_ or V|h 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input/Output Voltages Vjn -0.6V ~ 1 3.5V 

VquT -0 6V - 7V 

V CC Supply Voltage v C c -0.6V ~ 7V 

Program Voltage vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 
Temperature 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Vqc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


v pp 


-0.1 




V cc + 1 






V 


"H" Level Input 
Voltage 


V|H 


2.0 




6.25 


0°C~70°C 


Vcc=5V±5% 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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DC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C - 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|N = o.2bv 






1 0 


^A 


Output Leakage Current 


'LO 


v OUT = 5.25V 






1 0 


ixk 


Vqq Power Current (Stand-by) 


'CCi 


CE = V|h 






35 


mA 


Vqq Power Current (Operation) 


1 _ _ 
>CC2 


Cb - V|L 






I UU 


mA 


Prnnram Pnwpr r^urrpnt 


Inn 1 








10 




Input Voltage "H" Level 


V|H 




2.0 




VrjC+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


VOH 


lOH =-400 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE=OE=V| L 




200 


ns 


CE Access Time 


tCE 


OE=V| L 




200 


ns 


OE" Access Time 


tOE 


CE=V, L 




70 


ns 


Output Disable Time 


tDF 


CE=V, L 


0 


55 


ns 



TIME CHART 




Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 6.25V+0.25V, Vpp = 12.75V +0.25V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V| N = 5.25V 


- 


- 


10 




Vpp Power Current 


lpp 2 


CE = PGM =V| L 






50 


mA 


Vqc Power Current 


•cc 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH =-400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2 - 1 m A 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 6.25V±0.25V, Vpp = 12.75V +0.25V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


*AS 




2 






^s 


OE Set-up Time 


*OES 




2 






MS 


Data Set-up Time 


*DS 




2 






MS 


Address Hold Time 


*AH 




0 






/xS 


Data Hold Time 


*DH 




2 






MS 


Output Enable to Output 
Float Delay 


*DFP 




0 




130 


ns 


Vpp Power Set-up Time 


*VS 




2 






MS 


High Speed Initial 
Program Pulse Width 


tp W 




95 


100 


105 


MS 


CE= Set-up Time 


*CES 





2 






MS 


Data Valid from OE 


tOE 








150 


ns 



588 



-■ OTP • MSM271000ZB ■ 



TIME CHART 



Address 
input 



EX 



Data 

input/output 



Vpp 



< 



CE 



PGM- 



OE 



ADDRESS N 



YZ 



-tAS 



4 



DATA INPUT 



-tDS~* 



-*-t V s-* 



^tcES-^ 



> ( 

tOE 



^_tp W -^ 



*AH 



DATA 
OU TPUT 

*DFP 



-tOES-H 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 




V| N =OV 






12 


PF 


Output Capacitance 


Coin- 


V 0 UT=OV 






15 


PF 



MSM271000ZB-RS IDENTIFIER BYTES 



^"\Pins 


Ao 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 




D 0 


Hex 


Code 


(12) 


(21) 


(20) 


(19) 


(18) 


(17) 


(15) 


(14) 


(13) 


Data 


Manufacter 
Code 


V|L 


1 


0 


1 


0 


1 


1 


1 


0 


AE 


Device Code 


V| H 


1 


0 


0 


0 


0 


1 


0 


1 


85 



Notes: 1. A 9 =1 2.0 ± 0.5V 

2. A, ~ A 8f A 10 ~ A 16/ CE, OE = V !L , PGM = V| H OR V !L , Vpp = V| H OR V| L 
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INCREMENT 
ADDRESS 



Q start""") 



ADDRESS = FIRST LOCATION 



Vcc = 6.25V 



Vpp= 12.75V 



X = 0 




YES 



PROGRAM ONE 100 /uSEC PULSE 




Vcc = 


5V 


Vpp = 


5V 




DEVICE FAILED 



J 



Programming Flowchart Example (I) 
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OI£I semiconductor 



MSM271024ZB 



65536 X 16 BIT ONE TIME PROGRAMMABLE 
READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM271024ZB is a 65536 words x 16 bit electrically programmable read-only 
memory. The MSM271024ZB is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 40 pin package. 
(OKI can provide programming service as per customer's request.) 



FEATURES 



• +5V single power supply 

• 65536 words x 1 6 bit configuration 

• Access time: 

MAX 170 ns 



• Power consumption: 

MAX 630 mW (during operation) 
MAX1 84 mW (during stand-by) 

• Completely static operation operation 

• INPUT/OUTPUT TTL compatible 
(three state output) 

• 40-pin DIP 



PIN CONFIGURATION 



vpp |T c 


" J 40] V C C 


CE [T 


39| PGM 


Oi 5 |T 


38] NC 


o,4 [T 


37] A ,5 


O13 [T 


36j A, 4 


0,2 [T 


35] A, 3 


o„(T 


34] A, 2 


0,0 [¥ 


33] A,, 


o 9 Q[ 


32] A 10 


Oa Qo 


3l] A 9 


v S s[7T 


30j V SS 


0*[i2 


29] Aa 


0 6 [?3 


28] A' 


Os[?4 


27] Ae 


04 [Ts 


26] A 5 


OafT? 


25] A4 


02 [77 


24] A3 


0,^8 


23] A 2 


Oo[?9 


2|A, 


OE^O 


2^ Ao 



FUNCTIONAL BLOCK DIAGRAM 



O0O1 

i_t_ 



Output buffers 



Memory matrix 
65536 x 16 bit 



TT 

A0A1 



A,. 



This specification may he changed without notification. 



FUNCTION TABLE 



Pins 

Mode 


CE 

(2) 


OE 
(20) 


PGM 

(39) 


Vpp 
(1) 


Vrr 
(40) 


Outputs 


Read 


V IL 


V IL 






+5V 


Dout 


Output Disable 


V|L 


V|H 






+5V 


High impedance 


Stand-by 


V|H 








+5V 


High impedance 


Program 


V|L 


V|H 


V|L 


+1 2.75V 


+6.25V 


D|N 


Program Verify 


V|L 


V|L 


V|H 


+1 2.75V 


+6.25V 


Dout 


Program Inhibit 


V|H 






+1 2.75V 


+6.25V 


High impedance 



-; Can be either Vjl or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta , o°C ~ 70°C 

Storage Temperature Tstg -55°C — 1 25°C 

All Input/Output Voltages V|n -0.6V ~ 1 3.5V 

VquT — °- 6V ~ 7V 

Vcc Supply Voltage Vqc —0.6V ~ 7V 

Program Voltage Vpp -0.6V ~14V 



The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Symbol 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


~0.1V 




Vcc+1 


0°C ~70°C 


Vcc~5V±0.25V 


V 


"H" Level Input 
Voltage 


V|H 


2.00 




6.25 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 



592 



■ OTP • MSM271024ZB ■ 



DC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V| N = 5.25V 


— 




10 


/jlA 


Output Leakage Current 


•lo 


V0UT = 5.25V 






10 


/jiA 


Vcc Power Current (Stand-by) 


"CCi 


CE=V| H 






35 


mA 


Vcc Power Current (Operation) 


•cc 2 


CE=V| L 






120 


mA 


Program Power Current 


Ippi 


Vpp=Vcc 






10 


MA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH =-400 fxA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


tACC 


CE = OE=V IL> 




170 


ns 


CE Access Time 


tCE 


OE=V, L , 




170 


ns 


OE Access Time 


tOE 


CE=V, Lf 




60 


ns 


Output Disable Time 


tDF 


CE=V, L , 


0 


50 


ns 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ OTP MSM271024ZB 
TIME CHART 



Address input 



X 



CE 



OE 



Data output 



X 




«CE- 



»ACC- 



^)t 0 E -HtDFh- 
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< PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vcc = 6.25V±0.25V, Vpp - 12.75V+0.25V, Ta = 25°C+5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|n = 5.25V 






10 


(mA 


Vpp Power Current 


lpp 2 


CE = PCaM = V||_ 






50 


mA 


Vcc Power Current 


'CC 








120 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+1 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh = -400 /^A 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 2 - 1 mA 






0.45 


V 


AC CHARACTERISTICS 

(V CC = 6.25V+0.25V, Vpp = 1 2.75V+0.25V, Ta = 25°C+5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






MS 


OE Set-up Time 


*OES 




2 






(MS 


Data Set-up Time 


tDS 




2 






MS 


Address Hold Time 


*AH 




0 






fJLS 


Data Hold Time 


*DH 




2 






/xS 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 






MS 


PGM Program Pulse Width 


t PW 


V CC =6.25V±0.25V 


95 


100 


105 


jUS 


CE Set-up Time 


tCES 




2 






JUS 


Data Valid from OE 


tOE 








150 


ns 
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■ OTP MSM271024ZB ■ 
TIME CHART 




CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


Coin- 


V O UT=0V 






15 


PF 



MSM271024ZB-RS IDENTIFIER BYTES 



^\Pins 


Ao 


D 15 


~D 8 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


D, 


D 0 


Hex 


Code 


(21) 


(3)~ 


(10) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


Data 


Manufacter 
Code 


V|L 


0- 


-0 


1 


0 


1 


0 


1 


1 


1 


0 


OOAE 


Device Code 


V| H 


0^ 


-0 


1 


0 


0 


0 


0 


1 


1 


0 


0086 



Notes: 1. A 9 = 1 2.0 ± 0.5V 

2. A, ~ A 8 , A 10 ~ A 15f CE, OE = V !L , PGM = V| H OR V| L , Vpp = V| H OR V| L 
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■ OTP • MSM271024ZB ■ 



START ) 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


i 


Vpp = 


12.75V 



x = o 




PROGRAM ONE 100 mSEC PULSE 



X = X + 1 



INCREMENT 
ADDRESS 




Vcc = 5V 
Vpp = 5V 



DEVICE FAILED ) 




Programming Flowchart Example (I) 
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MSM27C256ZB 

32,768 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C256ZB is a 32768 words x 8 bit electrically programmable read-only memory. The MSM27C256ZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 



FEATURES 

• +5V single power supply • Power consumption: 

• 32,768 words X 8-bit configuration MAX1 65 mW (during operation) 

• Access time: MAX1 50 ns MAX0.55 mW (during stand-by) 

• Completely static operation 

• INPUT/OUTPUT TTL compatible 
(3-state output) 

• 28-pin DIP 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 



(Top View) 



vpp [T v " 


ID v C c 


Ai 2 |T 


27] Ah 




m Ai 3 


Ae [T 


25] Aa 


As IT 


24] A 9 


A4[T 


23] An 


A 3 [T 


22] OE 


AzQT 


2T| A 10 


A, (T 


20) CE 


Ao Qo 


19]0 


Oo (77 


18] Oe 


OiQT 


m o 5 


O2Q3 


16) 04 


gndQa 


Ti] 0 3 



CE 



OE" 



O0O1 

1± 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
32768 x 8 bit 



Decoder 



V CC 



-Vpp 



-GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ OTP MSM27C256ZB ■ 



FUNCTION TABLE 



Pins 

Mode 


CE 

(20) 


OE 

(22) 


Vpp 
(1) 


vcc 

(28) 


uuipuis 


Read 


V|L 


V|L 


+5V 


+5V 


Dout 


Output Disable 


V| L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V| H 




+5V 


+5V 


High impedance 


Program 


V|L 


V| H 


+ 12.5V/ 


+6V 


D|N 


Program Verify 


% 


V|L 


+12.5V 


+6V 


Dout 


Program Inhibit 


V| H 


V|H 


+12.5V 


+6V 


High impedance 



— ; Can be either V||_ or Vm 



ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~~ 70°C 

Storage Temperature Tstg -55°C~125°C 

All Input Voltage V|n -0.6V ~ 1 3V 

All Output Voltage VquT -0.6V ~ VqC +0.5V 

Vcc Supply Voltage Vqc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Unit 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.5 


5.0 


5.5 






V 


Vpp Voltage 


Vpp 


4.5 


5.0 


5.5 




Vcc - 5V±10% 
Vpp-Vcc 


V 


"H" Level Input 
Voltage 


V| H 


2.0 




Vcc+0.5 


0°C -70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.8 






V 



The voltage with respect to GND 
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■ OTP MSM27C256ZB ■ 



DC CHARACTERISTICS 

(Vcc = 5V±10%, Vpp = V C c, T a = 0°C±70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


'LI 


V|n — 5.5V 






1 




Output Leakage Current 


i . _ 
'LO 


v OUT = 55V 






1 


/xA 


Vqq Power Current (Stand-by) 


'CCi 


CE = Vcc 






100 


..A 


Vcc Power Current (Operation) 


'cc 2 


CE=V|L 






or\ 
oU 


mA 




Inn * 
ipp 1 


vpp — vcc 






100 




Input Voltage "H" Level 


VlH 




2.0 




v C c 

+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH = -400 /xA 


2.4 






V 


Output Voltage "L" Level 


Vol 


Iql = 2.1 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±10%, Vpp = V C c, Ta = 0°C±70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE=OE=V| L 




150 


ns 


CEf Access Time 


tCE 


OE=V| L 




150 


ns 


OE Access Time 


tOE 


CE=V, L 




60 


ns 


Output Disable Time 


tDF 


CE=V| L 


0 


50 


ns 



TIME CHART 



Address input 



X 



CE 



OE 



Data 
output 



X 



N— t CE - 



/ 



l«OE / 

- — — ^k F 



<ZZ3 



Measurement condition 

Input pulse level 0.45V and 2.4V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE + 1 0OpF 

Output timing reference level 0.8V and 2.0V 
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■ OTP • MSM27C256ZB ■ 



PROGRAMMING OPERATION > 

DC CHARACTERISTICS 

(Vqc = 5.75V-6.5V, Vpp - 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


l| I 


Vim = 5.5V 






10 


/xA 


Vpp Power Current 


IPP2 


CE = V| L ,OE = V|H 






50 


mA 


Vcc Power Current 


•cc 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




vcc 

+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh - -400 /xA 


2.4 






V 


Output Voltage "L" Level 


vol ! 


\Ql = 2.1 mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






/xS 


OE Set-up Time 


*OES 




2 






M s 


Data Set-up Time 


*DS 




2 








Address Hold Time 


*AH 




0 






/uS 


Data Hold Time 


*DH 




2 






M s 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


*vs 




2 






MS 


CE Initial Program Pulse Width 


tpw 


Vcc =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


CE High Speed Initial 
Program Pulse Width 


tpw 


V C C = 6.25V ± 
0.25V 


95 


100 


105 


MS 


CE Overprogram Pulse Width 


*OPW 


Vcc =6V± 0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 



601 



■ OTP MSM27C256ZB ■ 
TIME CHART 



Address 
input 



Data 

input/output 



Vpp 



< 



^-t A s-^| 



ADDRESS N 



DATA INPUT 



CE • 



> < 



T ^ *DH 



OE 



<*t 0 PW^ 
«-tPW-»> 



-tOES- 



tOE 



*AH 



DATA 
OUTPUT 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C IN 


V, N =OV 






12 


PF 


Output Capacitance 


Coin- 


VoUT^OV 






15 


PF 
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■ OTP • MSM27C256ZB ■ 



Q start) 



ADDRESS = FIRST LOCATION 



Vcc = 


6.25V 


i 


Vpp = 


12.75V 



INCREMENT 
ADDRESS 




YES 





NO 


PROGRAM ONE 100 mSEC PULSE 






X = X + 1 








J YES 


Vcc 


= 5V 


Vpp 


= 5V 




DEVICE FAILED 



Programming Flowchart Example (I) 
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■ OTP • MSM27C256ZB ■ 



c 



START 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp= 12.5V 



X-0 




PROGRAM ONE 1 mSEC PULSE 
X = X + 1 




PROGRAM ONE PULSE 
OF 3X mSEC DURATION 



INCREMENT 
ADDRESS 



YES 



Vcc = 


5V 


Vpp = 


5V 




COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 



FAIL 



c 



DEVICE FAILED 




PASS 

( DEVICE PASSED ) 
Programming Flowchart Example (II) 
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MSM27C256HZB 

32,768 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 



GENERAL DESCRIPTION 

The MSM27C256HZB is a 32,768 words x 8 bit electrically programmable read-only memory. The MSM27C256HZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 



FEATURES 

• +5V single power supply • Power consumption: 

• 32,768 words X 8-bit configuration MAX525 mW (during operation) 

• Access time: MAX70 ns MAX1 84 mW (during stand-by) 

• Completely static operation 

• OUTPUT TTL compatible 
(3-state output) 

• 28-pin DIP 



FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 

(Top View) 



vpp [T v 


iU v cc 


A, 2 |T 


27] Al4 


A*[7 


H] A, 3 


A 6 [T 


25] Ae 


As [T 


13 A 9 


A4 [T 


23] An 


A3 [T 


22} OE 


A 2 (T 


2T] A 10 


Ai [T 


foJCE 


Ao Qo 


19) 0, 


Oo QT 


H] Oe 


O1Q2 


izios 


O2E2 


Te] 04 


GNDQ4 


m ° 3 



0001 

1 1 



CE 



OE~ 



Output buffers 



PGM 



CE 



OE 



Memory matrix 
32768 x 8 bit 



Decoder 



v cc 



Vpp 



GND 



Input buffers 



TT 

A0A1 



This specification may be changed without notification. 
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■ OTP MSM27C256HZB ■ 
FUNCTION TABLE 



Pins 

Mode 


CE 
(20) 


OE 

(22) 


Vpp 

(1) 


vcc 

(28) 


ill lirM ito 

vjuxpuis 


Read 


V|L 


V|L 


+5V 


+5V 


Dout 


Output Disable 


V|L 


V|H 


+5V 


+5V 


High impedance 


Stand-by 


V|H 




+5V 


+5V 


High impedance 


Program 


V|L 


V|H 


+12.5V 


+6V 


D|N 


Program Verify 


V|H 


V|L 


+ 12.5V 


+6V 


Dout 


Program Inhibit 


V|H 


V|H 


+12.5V 


+6V 


High impedance 



— ; Can be either V||_ or V|h 

ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias Ta 0°C ~ 70°C 

Storage Temperature Tstg -55°C ~ 1 25°C 

All Input Voltage V|n -0.6V ~ 1 3.5V 

All Output Voltage v OUT -0.6V ~ Vcc +0 - 5 V 

Vcc Supply Voltage Vcc -0.6V ~ 7V 

Program Voltage Vpp -0.6V ~ 14V 



The voltage with respect to GND. 



ELECTRICAL CHARACTERISTICS 

READ OPERATION > 
RECOMMENDED OPERATION CONDITION 



Parameter 


Symbol 


Limit 


Operating 


Remarks 


Unit 


Min. 


Typ. 


Max. 


Temperature 


Vcc Power Supply 
Voltage 


vcc 


4.75 


5.0 


5.25 






V 


Vpp Voltage 


Vpp 


4.75 


5.0 


5.25 




Vcc=5V±5% 
Vpp=Vcc 


V 


"H" Level Input 
Voltage 


V|H 


3.0 




Vcc + 0-5 


0°C - 70°C 


V 


"L" Level Input 
Voltage 


V|L 


-0.1 




0.3 






V 



The voltage with respect to GND 
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■ OTP • MSM27C256HZB ■ 



DC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp - Vcc. Ta = 0°C ~~ 70°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


"LI 


V| N = 5.25V 


— 


— 


10 


ma 


Output Leakage Current 


"LO 


V0UT = 5.25V 


- 


— 


10 


ma 


Vcc Power Current (Stand-by) 


•CCi 


CE = V| H /=10MHz 






35 


mA 


Vcc Power Current (Operation) 


'cc 2 


CE = V| L /-10MHz 






100 


mA 


Program Power Current 


Ippi 


Vpp = v C c 






5 


mA 


Input Voltage "H" Level 


V| H 




2.0 




Vcc+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


lOH = -4 mA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql = 8 mA 






0.45 


V 



AC CHARACTERISTICS 

(Vcc = 5V±5%, Vpp = V C C. Ta = 0°C ~ 70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Max. 


Unit 


Address Access Time 


*ACC 


CE =OE =V| L 




70 


ns 


CET Access Time 


tCE 


OE=V| L 




70 


ns 


OE Access Time 


tOE 


CE=V, L 




30 


ns 


Output Disable Time 


tDF 


CE=V| L 


0 


25 


ns 



MEASUREMENT CONDITION 

Input pulse level 0V and 3.0V 

Input timing reference level 0.8V and 2.0V 

Output load 1 TTL GATE 4- 30pF 

Output timing reference level 0.8V and 2.0V 



TIME CHART 



Address input 



CE 



X 



\ 



tCE" 



OE 



Data 
output 



\?OE- / 
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■ OTP • MSM27C256HZB ■ 



<PROGRAMMING OPERATION > 
DC CHARACTERISTICS 

(Vcc = 5.75-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Input Leakage Current 


l| i 

'LI 


Vim = 5.25V 






10 


uA 


Vpp Power Current 


Iddo 


CE =V|l 






50 


mA 


Vcc Power Current 


»CC 








100 


mA 


Input Voltage "H" Level 


V|H 




2.0 




Vcc+0.5 


V 


Input Voltage "L" Level 


V|L 




-0.1 




0.8 


V 


Output Voltage "H" Level 


V 0 H 


Iqh =-4mA 


2.4 






V 


Output Voltage "L" Level 


vol 


Iql =8mA 






0.45 


V 


AC CHARACTERISTICS 

(Vcc = 5.75V-6.5V, Vpp = 1 2.5V±0.5V, Ta = 25°C±5°C) 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Address Set-up Time 


tAS 




2 






^s 


OE Set-up Time 


k)ES 




2 






*iS 


Data Set-up Time 


*DS 




2 






M s 


Address Hold Time 


*AH 




0 






/'S 


Data Hold Time 


*DH 




2 






//S 


Output Enable to Output 
Float Delay 


tDFP 




0 




130 


ns 


Vpp Power Set-up Time 


tvs 




2 








CE Initial Program Pulse Width 


t PW 


Vcc =6V± 0.25V 


0.95 


1.0 


1.05 


ms 


CE Program Pulse Width 


tpw 


V C C = 6.25V ± 
0.25V 


95 


100 


105 




CE Overprogram Pulse Width 


*OPW 


Vcc =6V± 0.25V 


2.85 




78.75 


ms 


Data Valid from OE 


tOE 








150 


ns 
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■ OTP MSM27C256HZB ■ 



TIME CHART 



Address 
input 



3 SS 



U-t AS 



Data 

input/output 



Vpp 



< 



ADDRESS N 



4 



DATA INPUT 



-*DS-* 



««-tvs- 



CE • 



> < 

tOE 



T / l DH 



OE • 



-#toPW^ 

■«-tpw-*. 



yz 



-tOES- 



*AH 



DATA 
OUTPUT 



tDFP 



CAPACITANCE 

(Ta = 25°C, f = 1 MHz, Vcc = 5V) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C|N 


V, N =OV 






12 


PF 


Output Capacitance 


COUT 


V O UT = 0V 






15 


PF 
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■ OTP MSM27C256HZB ■ 




INCREMENT 
ADDRESS 





NO 


PROGRAM ONE 100 mSEC PULSE 






X = X+ 1 










YES 


Vcc 
Vpp 










^ DEVICE FAILED ^ 



Programming Flowchart Example (I) 
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■ OTP MSM27C256HZB ■ 



Q START ) 



INCREMENT 
ADDRESS 



ADDRES = FIRST LOCATION 



Vcc = 6V 



Vpp = 12.5V 



X = 0 




YES 



PROGRAM ONE 1 mSEC PULSE 



X = X+1 




FAIL ^^VERIFY 
ONE BYTE 



PROGRAM ONE PULSE 
OF 3X mSEC DURATION 




Vcc = 


5V 


Vpp = 


5V 




DEVICE FAILED 



PASS 

( DEVICE PASSED ) 
Programming Flowchart Example (II) 
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7 



- MOS1 
E 2 PROMS 



□ 



D MOSE 2 PROMS 

MSM1681 1 1 ,024-Word x 1 -Bit E 2 PROM 615 

MSM16811P 1 ,024-Word x1 -Bit E 2 PROM 622 

MSM1 691 1 1 ,024-Word x 1 -Bit E 2 PROM 629 

MSM16911P 1 ,024-Word x1 -Bit E 2 PROM 638 

MSM1 681 2 2,048-Word x 1 -Bit E 2 PROM 647 

MSM1 691 2 2,048-Word x 1 -Bit E 2 PROM 654 

MSM28C1 6A 2,048-Word x 8-Bits E 2 PROM 663 

MSM28C64A 8,1 92-Word x 8-Bits E 2 PROM 670 

MSM28C256 32k x 8-Bits CMOS E 2 PROM 678 




MSM16811 

1,024 BIT SERIAL E 2 PROM 



FEATURES: 

• CMOS Floating Gate Technology 

• Single +5-volt supply 

• Eight pin plastic package 

• 64 x 1 6 or 1 28 x 8 user selectable serial memory 

• Compatible with NS9346 

• Self timed programming cycle with Auto erase 

• Word and chip erasable 

• Operating Range 0°C to 70° C 

• 1 0,000 erase/write cylces 

• 1 0 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 

8 Pin S.O. Package 



CSQ »1 

SKC 2 
Dl C3 
DOO 



TOP VIEW 

— — 



□ NC 

□ org 

5UGND 



BLOCK DIAGRAM 



ORG- 



Dl- 
CS- 

SK- 



Vcc GND 

I \ 





MEMORY 








ARRAY 




ADDRESS 




128x8 




DECODER 




or 64x16 







I 



DATA 
REGISTER 



MODE 
DECODE, 
LOGIC 

I 



OUTPUT 
BUFFER 



-DO 



CLOCK 
GENERATOR 
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■ MOS E 2 PROMS • MSM16811 ■ 



PIN FUNCTIONS 


CS 


Chip Select 


ORG 


Memory Array Organization Selec- 


c \s 

5K. 


Clock Input 




tion Input. When the ORG pin is 


Dl 


Serial Data Input 




connected to +5 V the 64 x 16 


DO 


Serial Data Output 




organization is selected. When it 


v C c 


+5 V Power Supply 




is connected to ground the 128 x 


NC 


Non Connection 




8 organization is selected. If the 


GND 


Ground 




ORG pin is left unconnected, then 








an internal pull-up device will 








select the 64 x 16 organization. 







INSTRUCTION 


SET 






Instruction 


Start 
Bit 


Opcode 


Address 


Data 


Comments 


128x8 


64 x 16 


128x8 


64 x 16 


READ 




1 0 


A 6~" A 0 


A 5~" A 0 






Read Address A|\j— A© 


ERASE 




1 1 


A 6- A 0 


A 5 -A 0 






ERASE Address A^-Aq 


WRITE 




0 1 


A 6~ A 0 


A S~" A 0 


D 7 -D 0 


D15-D0 


WRITE Address A N -A 0 


EWEN 




0 0 


11XXXXX 


11XXXX 






Program Enable 


EWDS 




0 0 


ooxxxxx 


OOXXXX 






Program Disable 


ERAL 




0 0 


10XXXXX 


10XXXX 






Erase All Addresses 


WRAL 




0 0 


01XXXXX 


01XXXX 


D7-D0 


D 15 -Do 


Program All Addresses 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc nas reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


vcc 


Ta = 25°C 


-0.3 ~ 7 


V 


Input Voltage 


v t 


-0.3 ~ V C C + 0- 3 


V 


Output Voltage 


v 0 


-0.3 ~ V C C + 0 3 


V 


Storage Temperature 


TSTG 


-55~ + 150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 


Supply Voltage 


v C c 


5 ±10% 


V 


Temperature Range 


Ta 


0~70 


°C 


Data Hold Temperature 


Ta 


0-70 


°C 



DC CHARACTERISTICS 

(Vq C = 4.5V to 5.5V, Ta = -0 ~ 70° C, unless otherwise specified.) 



Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


>CC1 


Vcc = 5.5 V CS = 1 




3 


mA 


'CC2 


V C C 55 5.5 V CS = 0 
Dl - 0 or Vcc 




100 


MA 


"L" Input Voltage 


V|L 




-0.1 


0.8 


V 


"H" Input Voltage 


V|H 




2.0 


V C C + 1 


V 


"L" Output Voltage 


vol 


TTL Iol = 2.1 mA 




0.4 


V 


CMOS Iql* 100 MA 




0.1 


V 


"H" Output Voltage 


V 0 H 


TTL Iqh^-^OmA 


2.4 




V 


CMOS I OH = — 100/uA 


V cc -0.5 




V 


Input Leakage Current 


'LI 


V in = 5.5 V 




10 


MA 


Output Leakage Current 


lLO 


V 0 ut = 5.5 V CS = 0 




10 


ma 
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AC CHARACTERISTICS 



Parameter 


Description 


Test Condition 


Min 


Typ 


Max 


Units 


t CSS 


v^O Ociup 1 lino 










Ms 


T CSH 


vvO nulu i iiTic 




o 






MS 


T DIS 


P) 1 ^p+nn Timp 
X-J 1 Oclu|J 1 lints 




0.4 






MS 


T DIH 


HI WrJH Time 

ui noia i ime 










MS 


tPD1 


vjutpux ueiay to i 


PI — inflnC 

Vol =0.8V, Voh = 2.0 
Vj L = 0.45V, V| H = 2.4 






o 
Z 


MS 


T PDO 


Hi i + r\i i+ HqIoi/ +<-n C\ 

uuipui ueiay to u 






o 


MS 


T HZ 


uutput ueiay to niz. 








MS 


tciAl 


Fra«;p /Writp Pukp Wirith 

UI OOC / VVI 1 LC 1 UIDC V V IU LI 1 








10 


ms 


tCSMIN 


Min CS Low Time 




1 






MS 


tSKHI 


Min SK High Time 




1 






MS 


tSKLOW 


Min SK Low Time 




1 






MS 


*sv 


Output Delay to Status Valid 


C L = 100 pF 






1 


MS 


skmax 


Maximum Frequency 




0 




250 


kHz 



-SK CYCLE- 



SK_ 

^SS 

CS 



DO 



L-tpD 



=1 



(• — ^SH— 



~*csmin~ 



Synchronous Timings 



DEVICE OPERATION 

The MSM 1 681 1 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical '1 ', an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up,, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V cc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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READ MODE 



SK 



_jiJxriJiJijajiJ1_rLrLrin^ 



cs/~ 

DI 

DO 



fx Tv±^n>®oC^\. 



STANDBY 



HIGH Z 



HIGH Z 



Organization 


AN 


D N 


128x8 


A 6 


D 7 


64 x 16 


A 5 


D15 



The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 



ERASE/WRITE ENABLE AND DISABLE 



SK 




CS/ **~" \ STANDBY 

pi rr \ o o/ mmmmmk { { 

ENABLE =11 64 x 16 = 4 Xs 
D I SABLE = 00 128 x 8 = 5 Xs 

After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
pendent from the EWEN and EWDS instructions. 
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ERASE MODE 



SK 



CS/ 

DI_ 
DO_ 



JiJiJiJiJiJijnj\ji^ 



3 

HIGH Z 



STATUS ^ STANDB Y 
VERIFY 



After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing t cs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical '1'. 



WRITE MODE 



STATUS \ STANDBY 



CS/ 



^^yioY^^DoX 



VERIFY 



IGH Z 



After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the t cs specification), the DO pin will act as a status indicator 
— it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been set to their proper value. With the MSM1 681 1 it is NOT neccessary to erase a memory 
location before the WRITE instruction. 



Configuration 


An 


D N 


128 x 8 




D 7 


64 x 16 


A 5 


D15 
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ERASE ALL 



STATUS^ 
VERIFY 




-IK 



DO_ 



HIGH Z 



64 x 16 = 4 X's 
J28 x g = 5 X '? 



STANDB 



BUSY/READYf 



HIGH Z 



This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc- 
tion is identical to the ERASE instruction. 



WRITE ALL 



skJIJIJIJTJT^ 

3° 



CS/ 



DI 



fT\ o o o 7 7 



DO 



HIGH Z 



64 x lb = 4 A s 

12 8 x g = 5 y § 



STATUS STAN DBY 
VERIFY 



£^SY;^DY^7 



HIGH Z 



This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 
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OKI semiconductor 



MSM16811P 



1.024 BIT SERIAL E 2 PR0M 



FEATURES: 



CMOS Floating Gate Technology 
Single +5-volt supply 
Eight pin plastic package 

64 x 16 or 128 x 8 user selectable serial memory 
Compatible with NS9346 
Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range -40°C to 85°C 

10,000 erase/write cylces 
10 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 

8 Pin S.O. Package 



CS[>1 

skC : 
di C: 

DOO 



TOP VIEW 

— — 



8Dv cc 

7^ NC 
6 □ ORG 
5^GND 



BLOCK DIAGRAM 



ORG- 



Dl- 
CS- 

SK- 



V C C GND 

I J 



MEMORY 
ARRAY 
128x8 

or 64 x 16 



DATA 
REGISTER 



MODE 
DECODE 
LOGIC 



CLOCK 
GENERATOR 



ADDRESS 
DECODER 



OUTPUT 
BUFFER 



-DO 
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PIN FUNCTIONS 


CS 


Chip Select 




ORG 


Memory Array Organization Selec- 


SK 


Clock Input 






tion Input. When the ORG pin is 


Dl 


Serial Data Input 






connected to +5 V the 64 x 16 


DO 


Serial Data Output 






organization is selected. When it 


v C c 


+5 V Power Supply 






is connected to ground the 128 x 


NC 


Non Connection 






8 organization is selected. If the 


GND 


Ground 






ORG pin is left unconnected, then 










an internal pull-up device will 










select the 64 x 16 organization. 







INSTRUCTION 


SET 






Instruction 


Start 
Bit 


Opcode 


Address 


Data 


Comments 


128 x 8 


64 x 16 


128 x 8 


64 x 16 


READ 




1 0 


A 6 -A 0 


A 5 -A 0 






Read Address A|\j— Aq 


ERASE 




1 1 


A 6~ A 0 


A 5 -A 0 






ERASE Address A^j-Aq 


WRITE 




0 1 


A 6 -A 0 


A 5 — A 0 


D 7 -D 0 


D15-D0 


WRITE Address A N -A 0 


EWEN 




0 0 


11XXXXX 


11XXXX 






Program Enable 


EWDS 




0 0 


ooxxxxx 


OOXXXX 






Program Disable 


ERAL 




0 0 


10XXXXX 


10XXXX 






Erase All Addresses 


WRAL 




0 0 


01XXXXX 


01XXXX 


D7-D0 


D 15 -D 0 


Program All Addresses 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc nas reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VrjC has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


vcc 


Ta = 25°C 


-0.3 ~ 7 


V 


Input Voltage 


v t 


-0.3 ~ V C C + 0 3 


V 


Output Voltage 


v 0 


-0.3 ~ Vcc + 0 3 


V 


Storage Temperature 


TSTG 


-55- + 150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 


Supply Voltage 


v C c 


5± 10% 


V 


Temperature Range 


Ta 


-40 ~ 85 


°C 


Data Hold Temperature 


Ta 


-40 ~ 85 


°C 



DC CHARACTERISTICS 

(Vcc = 4-5V to 5.5V, Ta = -40 ~ 85°C, unless otherwise specified.) 



Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


•cci 


Vcc = 5.5 V CS = 1 




5 


mA 


•CC2 


Vcc = 5.5 V CS = 0 
Dl = 0 or Vcc 




100 


M A 


"L" Input Voltage 


V|L 




-0.1 


0.8 


V 


"H" Input Voltage 


V| H 




2.0 


V C C + 1 


V 


"L" Output Voltage 


vol 


TTL Iql = 2.1 mA 




0.4 


V 


CMOS l 0 L= 1 00 MA 




0.1 


V 


"H" Output Voltage 


V 0 H 


TTL I 0 H = -400mA 


2.4 




V 


CMOS l 0 H = ^OmA 


V cc -0.5 




V 


Input Leakage Current 


•li 


0^V|N^V CC 


-15 


10 


MA 


Output Leakage Current 


lLO 


V ou t = 5.5V CS = 0 




10 


MA 
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AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, Ta = —40 ~ 85°C, unless otherwise specified) 



Parameter 


Description 


Test Condition 


Min 


Typ 


Max 


Units 


*css 


CS Setup Time 




0.2 






Ms 


*CSH 


CS Hold Time 




0 






MS 


tDIS 


Dl Setup Time 




0.4 






MS 


t DIH 


Dl Hold Time 




0.4 






MS 


*PD1 


Output Delay to 1 


CL= 100pF 

vol = o.8v # vqh = 2.0 

\/.. — r\ AC \ / \ / . . . *> A 

V 1 1_ - U.45V, V |f-| - ZA 






2 


MS 


tPDO 


Output Delay to 0 






2 


MS 


tHZ 


Output Delay to HiZ 






0.4 


MS 


*EW 


Erase / Write Pulse Width 








10 


ms 


tCSMIN 


Min CS Low Time 




1 






MS 


t SKHI 


Min SK High Time 




1 






MS 


tSKLOW 


Min SK Low Time 




1 






MS 


*sv 


Output Delay to Status Valid 


C L = 100 pF 






1 


MS 


SK MAX 


Maximum Frequency 




0 




250 


kHz 



-SK CYCLE - 



f- ^SH— - 



SK 

Dl 
CS 

do" 



- ^DI H ^ 



"^CSMIN 



i* l PDI 



Synchronous Timings 



DEVICE OPERATION 

The MSM 1681 1 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical '1 ', an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V cc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 



625 



■ MOS E 2 PROMS • MSM16811P ■ 

READ MODE 




Organization 


An 


Dn 


128x8 






64 x 16 


A 5 


D15 



The READ instruction. reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 



ERASE/WRITE ENABLE AND DISABLE 




ENABLE = 11 64 x 16 = 4 Xs 
D I SABLE = 00 128 x 8 = 5 Xs 



After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
pendent from the EWEN and EWDS instructions. 



626 



■ MOS E 2 PROMS MSM16811P ■ 



ERASE MODE 



SK 



^mjnj^jTfiru 4 \XLrirLn,rLTLn^i 



cs/ 

DI / T 



1 



STATUS ^ STANDB Y 
VERIFY 



DO. 



HIGH Z 



— 1 r^v I — i t— 
« iv-J — ^^[reTd^ 



IGH Z 



After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing t cs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical '1'. 



WRITE MODE 



sk_JTJ!J-U-U^ 



CS/ 



1 \ o 
HIGH Z 



^^XToY^^doX 



STATUS - fr STAND BY 
VERIFY 



B U S Y/pE^jyyv 



H I GH Z 



After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. The addressed register 
will first be erased and then the previously shifted data will be written in the register. If CS is brought 
high during the programming time (after observing the t cs specification), the DO pin will act as a status 
indicator — it will remain low as long as the chip is programming. It will go high after all the bits of the 
addressed register have been set to their proper value. 



Configuration 


an 


Dn 


128 x 8 


A 6 




64 x 16 


A 5 


D 15 
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ERASE ALL 



SK 



CS/ 

pi / T \ o o / ~T\ o 

DO HIGHZ 



64 x 16 = 4 X's 
J.28 x 8 = 5 X's 



STATUS^ ! STAN DB 
VERIFY ! 



-IV- 



BUSY- 



READY 



HIGH Z 



This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc- 
tion is identical to the ERASE instruction. 



WRITE ALL 



JF 



CS/ 

pi /T\ o 



o / 1 mmmmmcm^ ^mK 

U A v i a — ,1 V . . v ~ 



DO 



HIGH Z 



64 x 16 = 4 X's 
1 28 x 8 = 5 X 'S 



STATUS ^ STAN DBY 
VERIFY 




HIGH Z 



This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 
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OKI semiconductor 



MSM16911 



1.024 BIT SERIAL E 2 PR0M 



FEATURES: 

• CMOS Floating Gate Technology 

• Single +5-volt supply 

• Eight pin plastic package 

• 64 x 1 6 or 1 28 x 8 user selectable serial memory 

• Compatible with GI591 1 

• Self timed programming cycle with Auto erase 

• Word and chip erasable 

• Operating Range 0° C to 70° C 

• 1 0,000 erase/write cylces 

• 1 0 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 
8 Pin S.O. Package 



CLKC 2 
Dl C3 
DOC 4 



TOP VIEW 

— — 



8](+5V) V CC 



7 □ RDY/BUSY 

□ ORG 
5 □ GND 



BLOCK DIAGRAM 



ORG- 



Dl- 
CS- 

CLK- 



V CC GND 





MEMORY 




ARRAY 




128x8 




or 64x16 



DATA 
REGISTER 



MODE 
DECODE 
LOGIC 



T 



CLOCK 
GENERATOR 



ADDRESS 
DECODER 



OUTPUT 
BUFFER 



-DO 



-RDY/BUSY 
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PIN FUNCTIONS 


CS Chip Select 
CLK Clock Input 
Dl Serial Data Input 
DO Serial Data Output 
Vrjc +5 v Power Supply 
RDY/BUSY Status Output 
GND Ground 


ORG Memory Array Organization Selec- 
tion Input. When the ORG pin is 
connected to +5 V the 64 x 16 
organization is selected. When it 
is connected to ground the 128 x 
8 organization is selected. If the 
ORG pin is left unconnected, then 
an internal pull-up device will 
select the 64 x 16 organization. 





INSTRUCTION SET 




Instruction 


Start 


Opcode 


Address 


Data 


Comments 


Bit 


128x8 


64 x 16 


128x8 


64 x 16 


READ 


1 


1000 


A —A 


A 5 — A 0 






Read Address 
A N -A 0 


PROGRAM 


1 


x100 


A 6 — A 0 


A 5 — A 0 


D 7 -D 0 


D 1S -D 0 


Program Address 

An-ao 


PEN 


1 


001 1 


0000000 


000000 






Program Enable 


PDS 


1 


0000 


0000000 


000000 






Program Disable 


ERAL 


1 


0010 


0000000 


000000 






Erase All Addresses 


WRAL 


1 


0001 


0000000 


000000 


D 7 -D 0 


D 15 -D 0 


Write All Addresses 



DI/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation, if Aq is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Aq. 
The higher the current sourcing capability of Aq, the higher the voltage at the Data Out pin. 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vqc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc nas fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


v C c 




-0.3 - 7 


V 


Input Voltage 


V 


Ta = 25 °C 


-0.3 ~ V C C + 0 3 


V 


Output Voltage 


V 0 




-0.3 ~ V C C + °- 3 


V 


Storage Temperature 


TSTG 




-55 ~ + 1 50 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 




Supply Voltage 


v C c 


5± 10% 


V 


Temperature Range 


Ta 


0-70 


°C 


Data Hold Temperature 


Ta 


r 0-70 


°C 


DC CHARACTERISTICS 

(Vcc = 4 -5V t0 55V, Ta = 0 ~ 70° C, unless otherwise specified.) 


Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


'CC1 


Vcc = 5.5 V CS = 1 




3 


mA 


'CC2 


Vcc = 5.5 V CS = 0 
Dl = 0 or Vcc 




100 


MA 


"L" Input Voltage 


V|L 




-0.1 


0.8 


V 


"H" Input Voltage 


V|H 




2.0 


V C C + 1 


V 


"L" Output Voltage 


vol 


TTL Iql = 2.1 m A 




0.4 


V 


CMOS l 0 L= 1 00 MA 




0.1 


V 


"H" Output Voltage 


VOH 


TTL I OH =-400juA 


2.4 




V 


CMOS Iqh =-100mA 


V cc -0.5 




V 


Input Leakage Current 


'LI 


V in = 5.5 V 




10 


ma 


Output Leakage Current 


lLO 


V ou t " 5.5 V CS - 0 




10 


ma 
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AC CHARACTERISTICS 



(Vcc = 4 - 5 v t0 5.5 V, Ta = 0 ~ 70° C, unless otherwise specified.) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


f CLK 


CLK Frequency 


0 




250 


kHz 




*css 


CS Setup Time with respect to CLK Falling 


0.2 






MS 




*CSH 


CS Hold Time with respect to CLK Rising 


100 






ns 




tDIS 


Dl Setup Time with respect to CLK Rising 


0.4 






MS 




t DIH 


Dl Hold Time with respect to CLK Rising 


0.4 






MS 




tCPH 


CLK Pulse High Time 


1.0 






MS 




*CPL 


CLK Pulse Low Time 


1.0 






MS 




*PD1 


Delay Time of DO Rising with respect to CLK 
Rising 






2.0 


MS 


1 


tPDO 


Delay Time of DO Falling with respect to CLK 
Rising 






2.0 


MS 


1 


tp 


"L" Time of Status (Programming Time) 






10 


ms 





Note 1 : Condition: Cj_ = 100pF and Vql/OH = 0.8/2.0 



Figure 1. Synchronous Data Timing 






t C PHr tCPL *i 

I 1 
1 1 
1 1 




CLK ; 

— i tDIS 

l 


1 1 

^ ! i 


« XX - YXXXXXXXXXX » u . XXXXXXX) 

— *-< t DlHh — i — H t CSH h— 

II I I 


/ 


I 
1 


\ 


CS f \ 

DO 


— tcss [ 

1 \ ! 




* j * 

1 1 1 1 

! 1 11 

*\ tPDO Ui — +\ t PD1 \m 
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Figure 2. READ Mode 



cs f 



CLK 



Dl 



DO 



Hl-Z 



Dummy Bit 



Organization 


AN 


D N 


128x8 






64 x 16 


A $ 


D 15 



Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 
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Program Mode 

The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all "1's". 



634 



■ MOS E 2 PROMS • MSM16911 ■ 



Figure 4. PEN (Program Enable) and PDS (Program Disable) 



£tL_rTJTjn_n_n_rLrun^ 

ENABLE = 11 
DISABLE = 00 

Dl /~7~\ 00/ \00Q00 0 0 

PEN AND PDS FOR 128 x 8 ORGANIZATION 



csy v 



c!d<_nj-i_rxjxjT_JiJ^^ 

ENABLE = 11 
DISABLE = 00 

Dl / "~j~~ \ 0 0/ \000000 



PEN AND PDS FOR 64 x 16 ORGANIZATION 



Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (128 x 8) 
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Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1 ". 



All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 



WRAL (Write All) Mode (128 x 8) 
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Write All 

This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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MSM16911P 

1.024 BIT SERIAL E 2 PROM 



FEATURES: 

• CMOS Floating Gate Technology 

• Single +5-volt supply 

• Eight pin plastic package 

• 64 x 1 6 or 1 28 x 8 user selectable serial memory 

• Compatible with GI5911 

• Self timed programming cycle with auto erase 

• Word and chip erasable 

• Operating Range -40°C ~ 85°C 

• 1 0,000 erase/write cylces 

• 1 0 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 
8 Pin S.O. Package 



CSQ .1 

CLK\Z 2 
Dl C3 
DOC 4 



TOP VIEW 

~xy — 



8](+5V) V CC 



7^ RDY/BUSY 
6 □ ORG 
5^GND 



BLOCK DIAGRAM 



ORG- 



Dl- 



CS- 



CLK- 



V CC GND 

I I 





MEMORY 




ARRAY 





128 x 8 




or 64 x 16 



DATA 
REGISTER 



MODE 
DECODE 
LOGIC 



CLOCK 
GENERATOR 



ADDRESS 
DECODER 



OUTPUT 
BUFFER 



-DO 



-RDY/BUSY 
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PIN FUNCTIONS 


CS 


Chip Select 


ORG 


Memory Array Organization Selec- 


CLK 


Clock Input 




tion Input. When the ORG pin is 


Dl 


Serial Data Input 




connected to +5 V the 64 x 16 


DO 


Serial Data Output 




organization is selected. When it 


v C c 


+5 V Power Supply 




is connected to ground the 128 x 


RDY/BUSY 


Status Output 




8 organization is selected. If the 


GND 


Ground 




ORG pin is left unconnected, then 








an internal pull-up device will 








select the 64 x 16 organization. 





INSTRUCTION SET 




Instruction 


Start 


Opcode 


Address 


Data 


Comments 


Bit 


128 x 8 


64 x 16 


128 x 8 


64 x 16 


READ 


1 


1000 


A —A 


A —A 






Read Address 

an-ao 


PROGRAM 


1 


x100 


A 6 — Ao 


As — A 0 


D 7 -D 0 


D 15 -D 0 


Program Address 

An-ao 


PEN 


1 


001 1 


0000000 


000000 






Program Enable 


PDS 


1 


0000 


0800000 


000000 






Program Disable 


ERAL 


1 


0010 


0000000 


000000 






Erase All Addresses 


WRAL 


1 


0001 


0000000 


000000 


D 7 -D 0 


D15-D0 


Write All Addresses 



DI/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation, if Aq is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Aq. 
The higher the current sourcing capability of Aq, the higher the voltage at the Data Out pin. 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VqC r,as cached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when V^c has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


v C c 


Ta = 25 °C 


-0.3 ~ 7 


V 


Input Voltage 


V 


-0.3 ~ V C C + 0 3 


V 


Output Voltage 


v 0 


-0.3 ~ V C C + 0 3 


V 


Storage Temperature 


TSTG 


-55- + 150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 




Supply Voltage 


vcc 


5± 10% 


V 


Temperature Range 


Ta 


-40-85 


°C 


Data Hold Temperature 


Ta 


-40-85 


°C 


DC CHARACTERISTICS 

(Vcc = 4 5V to 5.5V, Ta = -40 ~ 85°C, unless otherwise specified.) 


Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


!CC1 


V CC = 5.5 V CS = 1 




5 


mA 


"CC2 


Vcc = 5.5 V CS = 0 
Dl = 0 or Vcc 




100 


MA 


"L" Input Voltage 


V|L 




-0.1 


0.8 


V 


"H" Input Voltage 


V|H 




2.0 


V C C + 1 


V 


"L" Output Voltage 


vol 


TTL Iql = 2.1 mA 




0.4 


V 


CMOS l 0 L= 1 00 MA 




0.1 


V 


"H" Output Voltage 


V 0 H 


TTL I OH = -400mA 


2.4 




V 


CMOSI 0 H=-40mA 


V cc -0.5 




V 


Input Leakage Current 


"LI 


O^VIN^VCC 


-15 


10 


MA 


Output Leakage Current 


'LO 


V ou t = 5.5 V CS = 0 




10 


ma 
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AC CHARACTERISTICS 



(Vcc = 4 5V t0 5 5V ' Ta = ~ 40 ~ 85°C, unless otherwise specified.) 



Sy m bo I 


Parameter 


Mi n 


T\/D 


Max 


Unit 


Note 


^CLK 


C* 1 K Frpnupnpv/ 


o 






kHz 




tcss 


CS Setup Time with respect to CLK Falling 


0.2 






MS 




*CSH 


CS Hold Time with respect to CLK Rising 


0 






MS 




*DIST 


Dl Setup Time with respect to CLK Rising 


0.4 






MS 




t DI H 


Dl Hold Time with respect to CLK Rising 


0.4 






MS 




tCPH 


CLK Pulse High Time 


1.0 






MS 




*CPL 


CLK Pulse Low Time 


1.0 






MS 




*PD1 


Delay Time of DO Rising with respect to CLK 
Rising 






2.0 


MS 


1 


tPDO 


Delay Time of DO Falling with respect to CLK 
Rising 






2.0 


MS 


1 


tp 


"L" Time of Status (Programming Time) 






10 


ms 





Note 1 : Condition: C|_ = 100pF and Vqi_/OH = 0.8/2.0 



Figure 1. Synchronous Data Timing 



-itCPHr 



tCPL 



CLK- 
Dl 

cs- 
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tPDO 



*PD1 
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Figure 2. READ Mode 
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Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 
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Program Mode 

The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all "1's". 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 



csy v_ 

clk nnnnnnnnnnnn n 

ENABLE = 11 
_ DISABLE = 00 
DI /~7~\ °0/ \00Q00 0 0 

PEN AND PDS FOR 128 x 8 ORGANIZATION 




ENABLE = 11 
DISABLE = 00 

DI /~T\ 00/ \000000 



PEN AND PDS FOR 64 x 16 ORGANIZATION 



Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (128 x 8) 
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Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1 ". 



All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 

WRAL (Write All) Mode (128 x 8) 
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Write All 

This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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2,048 BIT SERIAL E 2 PROM 



FEATURES: 

• CMOS Floating Gate Technology 

• Single +5-volt supply 

• Eight pin plastic package 

• 1 28 x 1 6 or 256 x 8 user selectable serial memory 

• Microwire™ compatible 

• Self timed programming cycle with Auto erase 

• Word and chip erasable 

• Operating Range 0°C to 70°C 

• 10,000 erase/write cylces 

• 10 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 



CS[>1 

SK\Z 2 
DI C3 
DOC 4 



TOP VIEW 

— ^7 



S^Vcc 

□ NC 

□ org 

5UGND 



BLOCK DIAGRAM 



ORG- 



Dl- 
CS- 

SK- 



Vqc GND 

l J 





MEMORY 




ARRAY 




256x8 




or 128x16 





DATA 
REGISTER 



MODE 
DECODE 
LOGIC 



CLOCK 
GENERATOR 



ADDRESS 
DECODER 



OUTPUT 
BUFFER 



-DO 
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PIN FUNCTIONS 


CS 


Chip Select 


ORG 


Memory Array Organization Selec- 


SK 


filnrk Inniit 




tion Inniit Whan the nin ic 

HUM lll^/Ul. Vvllwll life 1 1 \J yj\ii IS 


Dl 


Serial Data Input 




connected to +5 V the 128 x 16 


DO 


Serial Data Output 




organization is selected. When it 


v C c 


+5 V Power Supply 




is connected to ground the 256 x 


NC 


Non Connection 




8 organization is selected. If the 


GND 


Ground 




ORG pin is left unconnected, then 








an internal pull-up device will 








select the 1 28 x 16 organization. 







INSTRUCTION 


SET 






Instruction 


Start 
Bit 


Opcode 


Address 


Data 


Comments 


256x8 


128x16 


256x8 


128x16 


READ 




1 0 


A 7 — Aq 


Ae — Aq 






Read Address A(\j— A© 


ERASE 




1 1 


A 7 — Aq 


Ae-Ao 






ERASE Address Afsj-Ao 


WRITE 




0 1 


A 7 — Aq 


Ae — Aq 


D 7 -D 0 


D 15 -D 0 


WRITE Address A N -A 0 


EWEN 




0 0 


1 1 xxxxxx 


11XXXXX 






Program Enable 


EWDS 




0 0 


ooxxxxxx 


OOXXXXX 






Program Disable 


ERAL 




0 0 


10XXXXXX 


10XXXXX 






Erase All Addresses 


WRAL 




0 0 


01XXXXXX 


01XXXXX 


D7-D0 


D 15 -D 0 


Program All Addresses 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc nas reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vqc has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


vcc 




-0.3 ~ 7 


V 


Input Voltage 




Ta = 25 °C 


-0.3 - V C c + 0- 3 


V 


Output Voltage 


V 0 




-0.3 - Vcc + °- 3 


V 


Storage Temperature 


TSTG 




-55- + 150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 


Supply Voltage 


v C c 


5 ±10% 


V 


Temperature Range 


Ta 


0~70 


°C 


Data Hold Temperature 


Ta 


0-70 


°C 



DC CHARACTERISTICS 

( V CC = 4 - 5V to 5.5V, Ta = 0 ~ 70° C, unless otherwise specified.) 



Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


•cci 


V C C = 5.5 V CS = 1 




3 


mA 


'CC2 


V C C " 5.5 V CS - 0 
Dl = 0 or Vcc 




100 


MA 


"L" Input Voltage 


V|L 




-0.1 


0.8 


V 


"H" Input Voltage 


V| H 




2.0 


Vcc + 1 


V 


"L" Output Voltage 


vol 


TTL loL= 2 - 1 mA 




0.4 


V 


CMOS l 0 L= 1 <>0 MA 




0.1 


V 


"H" Output Voltage 


VOH 


TTL I OH =-400mA 


2.4 




V 


CMOS I OH =-100mA 


V cc -0.5 




V 


Input Leakage Current 


"LI 


V in = 5.5V 




10 


MA 


Output Leakage Current 


»LO 


V 0 ut = 5-5V CS = 0 




10 


ma 
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AC CHARACTERISTICS 



Parameter 


Description 


Test Condition 


Min 


Typ 


Max 


Units 


*css 


CS Setup Time 




50 






ns 


*CSH 


CS Hold Time 




0 






ns 


tDIS 


Dl Setup Time 




100 






ns 


t DIH 


Dl Hold Time 




100 






ns 


tPD1 


Output Delay to 1 


CL = 100pF 

V O L = 0-8V, V O H = 2.0 
V| L - 0.45V, V| H = 2.4 






500 


ns 


tpDO 


Output Delay to 0 






500 


ns 


*HZ 


Output Delay to HiZ 






100 


ns 


*EW 


Erase / Write Pulse Width 








10 


ms 


tCSMIN 


Min CS Low Time 




250 






ns 


tSKHI 


Min SK High Time 




250 






ns 


tSKLOW 


Min SK Low Time 




250 






ns 


*sv 


Output Delay to Status Valid 


C L = 100 pF 






500 


ns 


skmax 


Maximum Frequency 




0 




1 


MHz 



-SK CYCLE- 



SK 



H« *D!H 



mmsam 



CS 

do" 



'^CSMIN 



L— ^DO ^ 



Synchronous Timings 



DEVICE OPERATION 

The MSM 1681 1 RS has 7 instructions that allow it to read, erase, or write. Each instruction consists 
of a start bit logical 'V, an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V cc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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READ MODE 



cs/ " 

DO HIGH Z 



-4V- 



*0 



STANDBY 



0 /DNYdn-iY XD1XD0 



HIGH Z 



Organization 


An 


D N 


256x8 


A 7 


D 7 


128x16 


A 6 


D 15 



The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 



ERASE/WRITE ENABLE AND DISABLE 




~ \ STANDBY 



r \ o o r 



ENABLE = 11 
DISABLE = 00 



128 X 16 = 5 X's 
256 X 8 = 6 X's 



After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
pendent from the EWEN and EWDS instructions. 
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ERASE MODE 



SK 



CS/ 

DI_ 
DO_ 



u - 



yi — i 

HIGH Z 



\\ IV- 



STATUsH r STANDB Y 
VERIFY 




HIGH Z 



After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing t cs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical '1'. 



WRITE MODE 



sKjTJijrrui_n^ 



CS/ 



* v ^ l STATUS \ STAND BY 



VERIFY 



HIGH Z 



After a WRITE instruction has been shifted in with ite corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the t cs specification), the DO pin will act as a status indicator 
— it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been set to their proper value. With the MSM1 681 2 it is NOT neccessary to erase a memory 
location before the WRITE instruction. 



Configuration 


An 


D N 


256x8 


A 7 


D 7 


128x16 


A 6 


°15 
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ERASE ALL 



skJTJTJIJTJT^ 



cs/ 

pi / T \ o o / T\ o 

DQ HIGHZ 



128 X 16 = 5 X's 
256 X 8 = 6 X's 



"STATUS \ STAN DB 
VERIFY 



This instruction is provided to erase the whole chip, 
tion is identical to the ERASE instruction. 



Besides its different opcode, the ERAL instruc- 



WRITE ALL 



CS/ 

pi / T\ o 



0 



JL/7 



DO_ 



HIGH Z 



dn; 



128 X 16 = 5 X's 
256 X 8 = 6 X's 



STATUS X STAN DBY 
VERIFY 



-IV- 



'READY 



HIGH Z 



This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besides its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 
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MSM16912 



2048 BIT SERIAL EEPROM 



FEATURES: 

• CMOS Floating Gate Technology 

• Single +5-volt supply 

• Eight pin plastic package 

• 1 28 x 1 6 or 256 x 8 user selectable serial memory 

• Compatible with GI591 2 

• Self timed programming cycle with Auto erase 

• Word and chip erasable 

• Operating Range 0°Cto70°C 

• 1 0,000 erase/write cylces 

• 1 0 year data retention 



PIN CONFIGURATION 

8 Pin Dual-ln-Line 



CSQ 


•1 


clkq 


2 




3 


DOC 


4 



TOP VIEW 

— 



8](+5V) V C c 



7^ RDY/BUSY 
6 □ ORG 
5^GND 



BLOCK DIAGRAM 



ORG- 



Dl- 



CS- 



CLK- 



V CC GND 

J I 



DATA 
REGISTER 



MODE 
DE_CODE 
LOGIC 

I 



CLOCK 
GENERATOR 





MEMORY 








ARRAY 




ADDRESS 




256x8 


c= 


DECODER 




or 128x 16 







OUTPUT 
BUFFER 



-DO 



-RDY/BUSY 
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PIN FUNCTIONS 


CS Chip Select 
CLK Clock Input 
Dl Serial Data Input 
DO Serial Data Output 
Vcc +5 v Power Supply 
RDY/BUSY Status Output 
GND Ground 


ORG Memory Array Organization Selec- 
tion Input. When the ORG pin is 
connected to +5 V the 128 x 16 
organization is selected. When it 
is connected to ground the 256 x 
8 organization is selected. If the 
ORG pin is left unconnected, then 
an internal pull-up device will 
select the 1 28 x 1 6 organization. 





INSTRUCTION SET 




Instruction 


Start 


Opcode 


Address 


Data 


Comments 


Bit 


256x8 


128x16 


256x8 


128x16 


READ 


1 


1000 


A 7 — Aq 


Ae — Aq 






Read Address 

An-ao 


PROGRAM 


1 


x100 


A 7 — A 0 


Ae — Aq 


D 7 -D 0 


D 15 -D 0 


Program Address 

An-ao 


PEN 


1 


001 1 


00000000 


0000000 






Program Enable 


PDS 


1 


0000 


00000000 


0000000 






Program Disable 


ERAL 


1 


0010 


00000000 


0000000 






Erase All Addresses 


WRAL 


1 


0001 


0000000 


000000 


D 7 -D 0 


D 15 -D 0 


Write All Addresses 



DI/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation, if Aq is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Aq. 
The higher the current sourcing capability of Aq, the higher the voltage at the Data Out pin. 



Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc nas reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc na s fallen below the voltage range of 2.8 -to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Condition 


Value 


Unit 


Supply Voltage 


vcc 




-0.3 ~ 7 


V 


Input Voltage 


V 


Ta = 25°C 


-0.3 ~ V CC + 0.3 


V 


Output Voltage 


v 0 




-0.3 ~ V C c + 03 


V 


Storage Temperature 


TSTG 




-55- + 150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 



RECOMMENDED OPERATING RANGE 



Parameter 


Symbol 


Range 


Unit 




Supply Voltage 


vcc 


5± 10% 


V 


Temperature Range 


Ta 


0~70 


°C 


Data Hold Temperature 


Ta 


0-70 


°C 


DC CHARACTERISTICS 

(Vcc ~ 4 - 5V t0 5.5V, Ta = 0 ~ 70° C, unless otherwise specified.; 


Parameter 


Symbol 


Condition 


MIN 


MAX 


Unit 


Supply Voltage 


vcc 




4.5 


5.5 


V 


Power Supply Current 


'CC1 


V C C = 5.5 V CS = 1 




3 


mA 


'CC2 


Vcc = 5.5 V CS = 0 
Dl = 0 or Vcc 




100 


MA 


"L" Input Voltage 


VlL 




-0.1 


0.8 


V 


"H" Input Voltage 


V|H 




2.0 


Vcc + 1 


V 


"L" Output Voltage 


vol 


TTLI 0 L=2.1 mA 




0.4 


V 


CMOS Iql 35 1 00 MA 




0.1 


V 


"H" Output Voltage 


V 0 H 


TTL I O H = - 40 °mA 


2.4 




V 


cmosioh^-^Oma 


V cc -05 




V 


Input Leakage Current 


'LI 


V in = 5.5 V 




10 


MA 


Output Leakage Current 


lLO 


V ou t =: 5.5V CS = 0 




10 


ma 
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AC CHARACTERISTICS 



(Vqc = 4 -5 V to 5.5 V, Ta = 0 - 70° C, unless otherwise specified.: 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


f CLK 


CLK Frequency 


0 




1 


MHz 




*css 


CS Setup Time with respect to CLK Falling 


50 






ns 




*CSH 


CS Hold Time with respect to CLK Rising 


100 






ns 




tDIS 


Dl Setup Time with respect to CLK Rising 


100 






ns 




tDIH 


Dl Hold Time with respect to CLK Rising 


100 






ns 




*CPH 


CLK Pulse High Time 


250 






ns 




*CPL 


CLK Pulse Low Time 


250 






ns 




tPD1 


Delay Time of DO Rising with respect to CLK 
Rising 






500 


ns 


1 


tPDO 


Delay Time of DO Falling with respect to CLK 
Rising 






500 


ns 


1 


tp 


"L" Time of Status (Programming Time) 






10 


ms 





Note 1 : Condition: C L = 100pF and V 0 |/OH = 0.8/2.0 



Figure 1. Synchronous Data Timing 



—^CPHt- 



*CPL 



CLK- 



I I 
I i 
I i 



1 ! 



h— 

\ 



"1 I 

HtDIHr 



*CSH 



CS 



DO- 



I 



-*1 f*-t C SS 



Y 



f 



tPDO 



tPD1 
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Figure 2. READ Mode 



cs f 



CLK 



jnjTJiJiJiJiJiJ f u~LriJi sf rm 



Dl 



-«- 



DO 



Hl-Z 



Dummy Bit 



Organization 


An 


D N 


256x8 


A 7 




128x16 


A 6 


D 15 



Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 



CS _/ 



clk rirLruxrTrLrL^lrLrLr^Lr 

di /TYsyTA 0 0 m C'^Mm^pm w 



mrnmm 



TTLTL 



RDY/BUSY 



Organization 


An 


D N 


256x8 


A 7 




128x16 


As 


D 15 



Program Mode 

The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 



During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all "Vs". 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 



cs 



£i£j~UTJTJlJTJirLJ^^ 



ENABLE = 11 
DISABLE = 00 



Dl /T~\ 0 0/ \ 0 0 0 



PEN AND PDS FOR 256 x 8 ORGANIZATION 



CS f 



CLK 



ENABLE = 11 
DISABLE = 00 



Dl 



tt v ° r 



PEN AND PDS FOR 1 28 x 1 6 ORGANIZATION 



Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (256 x 8) 



cLK,n_n n n n nnnnnnnni kxxxxxxi i n n 



Dl /y\ o o / y \ ooooo ooo o 



4h 



RDY/BUSY 



ERAL (Erase All) Mode (1 28 x 1 6) 

csy 

clk nnnnnnnnnnr-i ru mm i n n 

pi /7 A o o / 7 \ o o o o o o o o ff fT\ y — V" 



RDY/BUSY 



"W 

I I 



Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1 ". 



All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 

WRAL (Write All) Mode (256 x 8) 
CS/ 



mm 



Dl 



RDY/BLJSY 



i tp i 



WRAL (Write All) Mode (128x 16) 



CS/~ 



mm 



cy<rijijTjxnjiJij^^ 

y^ o o o /j\ o o o o o O/oax j ftiBs ( ^T\ZXDC: 



Dl 



RDY/BUSY 



tp I 





A N 


D N 


256x8 


A 7 




128x16 


Ae 


D 1S 



Write All 

This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 



662 



OKI semiconductor 



MSM28C16A 



2K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 



GENERAL DESCRIPTION 

The MSM28C1 6ARS is a CMOS electrically erasable and programmable read only memory 
(E 2 PROM) with a capacity of 2,048 words x 8 bits using a single 5V power supply. It features easy 
use because it operates with a single 5V power supply and its operation timi ng is si milar to that 
of a static RAM. Byte data rewriting in programming mode starts when the WE and CE signals 
are set to the TTL low (L) level for 100 ns. The address and data bus information are latched in 
the IC, and the system is released for other tasks during the write cycle. Writing in the 
MSM28C1 6A starts after automatic erasure of the selected byte, and the erase/write cycle 
completes within 10 ms. 

FEATURES 



• Single 5V power supply 



• High-speed access: 



150 ns max. 
200 ns max. 



• Byte write cycle: 10 ms max. 

• Internal address and data latch in write 
cycle 

• Automatic erasure before writing 



• Automatic ending of write operation 

• Built-in protective function for false writing 

• TTL compatible input/output 

• Pin arrangement in compliance with JEDEC 
Standard 

• Compatible with Xicor 281 6A 



PIN CONFIGURATION 

(Top View) 



A, 

*6 
As 
Aj 
A 3 
A 2 
A, 
Ao 
l/Oo 
I/O, 
l/0 2 
Vss 



E 

E 
E 
E 
E 
E 
E 
E 
CI 
E 
E 
E 



Ao~A 10 '.ADDRESS INPUTS 
!/Q 0 ~l/O 7 :DATA I/O 
£L :CHIP ENABLE 

OE 



2 

2 

HI 
HI 
HI 

a 



Vcc 
A 8 
As 
WE 

oF 

cF 
171 i/o 7 

m i/o 6 

jjD i/o 5 

m i/o 4 

jU i/o 3 



WE -.WRITE 

ENABLE 
V cc : + 5V 



OUTPUT ENABLE V ss rGROUND 



FUNCTION BLOCK DIAGRAM 



Ao-A 10 

ADDRESS 

INPUT 



X BUFFER 
& LATCH E 
& DECODER 



Y BUFFER 
& LATCH E 
& DECODER 



CE_ 
QE 
WE 



CONTROL 
LOGIC 



16,384 BITS E 2 PROM 
ARRAY 



I/O BUFFER & 
LATCH E 



V V 



Y 

l/O 0 ~l/O 7 
DATA 

INPUT/OUTPUT 
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MODE SELECTION 





Ut 


\A/C 


MODE 


I/O 


POWER 


V.u 

in 


X 


X 


Standby 


HighZ 


Standby 


V|L 


V|L 


V| H 


Read 


Dour 


Active 


V, L 


V, H 




Byte Write (WE controlled) 


Din 


Active 




V, H 


V, L 


Byte Write (CE controlled) 


Din 


Active 


X 


X 


V| H 


Write Inhibit 


HighZ 




X 


V|L 


X 


Write Inhibit 


HighZ 





Note) X: Don't care (V !H or V, L ) 



DEVICE OPERATION 

<READ> 

The data in the MSM28C16A can be read by settingVVE to high (H),"CE to low (L) and OE to L 
The data becomes valid upon lapse oit^ after the address change, tcE after CE setting to L, 
ortoE after OE setting to L, whichever is the latest. The I/O pin remain in a high impedance 
state to prevent data bus contention in the system when OE or CE is set to H. 

< WRITE > 

The write cycle starts when W E and CE are set to L and OE is set to H. The address input is 
latched on the falling edge of WE or CE (Whichever is later). The I/O pin data is latched on 
the first rising edge of WE or CE. The address and data are latched in 100 ns using the TTL 
level write signal. When the data latch ends, the MSM28C1 6A automatically erases the 
selected byte and writes the new data within 10 ms. 

<DATA POLLING > 

DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, attempt to read the last byte written will output the comlement of 
that data on I/07. Once the write cycle is completed, all l/Os will produce true data during a 
read cycle. 

i 

< STANDBY > 

The power consumption decrease greatly by setting cFto TTL H level. 
<ENDURANCE> 

The MSM28C16A is designed for applications each requiring up to 10,000 write cycles per 
byte. 

<DATA PROTECTION > 

Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 

1. Vcc Level Detection 

The write cycle to the device is automatically inhibited when Vcc drops below 3.0V. 
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2. TIME DELAY 

The MSM28C16A automatically inhibits any write operation for the period between 
5 ms and 10 ms after Vcc reaches V W | level at t he tim e of power up. 
This allows sufficient time for the system to set WE or CE to the H level before the 
start of writing. 

3. OE GATING 

The MSM28C16A inhibits any write operation when OE is at the L level. 

4. WE NOISE PROTECTION 

The write cycle does not start for a write pulse shorter than 20 ns. 



ABSOLUTE MAXIMUM RATINGS (Notel) 

(Ta = 25°C) 



Rating 


Symbol 


Value 


Unit 


Condition 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V$s 


Input Voltage (Note 2) 


V, 


- 0.3 to V cc + 0.3 


V 


Respect to V$s 


Output Voltaeg (Note 2) 


Vo 


- 0.3 to V cc + 0.3 


V 


Respect to V ss 


Power Dissipation 


Pd 


1 


W 


Per package 


Operating Temperature 


Topr 


Oto 70 


°C 




Storage Temperature 


Tstg 


-55 to 150 


°C 





Note 1) The stress upon exceeding the absolute maximum rating brings about a 

permanent damage to the device. There are stress ratings only and do not means 
"- functional operations of the device". They are by no means above the 
operating characteristics in the data sheet. Leaving the device for a long time in 
the absolute maximum rating state may adversely affect the device reliability. 

Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity, but do not use it beyond the maximum rating(s) for safety. 
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ELECTRICAL CHARACTERISTICS 

<DC OPERATING CHARACTERISTICS > 

(VCC = 5V ± 1 0%, Ta = 0 o C~70 o C) 



PARAMETER 


SYMBOL 


TEST CONDITION 


Limits 


UNIT 


t\/t 1 M 

MIN. 


MAX. 


Input Low Voltage 


Vil 




-0.3 


0.8 


V 


Input High voltage 


V| H 




2.0 


V cc + 0.3 


V 


Output Low Voltage 


Vol 


I 0 l = 2.1mA 




0.4 


V 


Outout Hiah Voltaae 


v OH 


'OH *tyw|m 


2.4 





v 


Vcc Voltage for Write Inhi bit 


V W | 




3.0 


4.0 


V 


Input Leakage Current 


Ili 


V,N = 0-V C C 


-10 


10 


uA 


Output Leakage Current 


Ilo 


Vout = 0-V cc 


-10 


10 


pA 


Vcc Power Current 


>CCA 


CE = OE = V| L/ lo = 0mA 
t RC = 150ns V C c = MAX 




30 


mA 


Standby Current 


Ices 


CE = V CC -0.2V 
V CC = MAX 




0.1 


mA 




Iccsi 


CE = Vih,V C c = MAX 




1 


mA 



< CAPACITANCE > 

(Ta= +25°C, f= 1.0MHz, V C c=5V) 



PARAMETER 


SYMBOL 


TEST CONDITION 


MAX. 


UNIT 


Input/Output Capacitance 


Q/o 


v, /0 = ov 


10 


PF 


Input Capacitance 


Qn 


V, N = 0V 


6 


PF 
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AC CHARACTERISTICS 

<READ OPERATION > 

(V cc = 5V+ 10%, Ta = 0 o C~70°Q 



PARAMETER 


SYMBOL 


MSM28C16A-15 


MSM28C16A-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


Read Cycle Time 


tRC 


150 


- 


200 


- 


ns 


Address Access Time 


tAA 




150 




200 


ns 


CE Access Time 


t C E 




150 




200 


ns 


OE Access Time 


t 0 E 




70 




80 


ns 


CE to Output in Low Z 


t L Z 


10 




10 




ns 


CEto Output in High Z 


tHZ 


10 


50 


10 


50 


ns 


OE to Output in Low Z 


t()LZ 


10 




10 




ns 


OEto Output in HighZ 


tOHZ 


10 


50 


10 


50 


ns 


Output Hold Time 




15 




20 




ns 



READ CYCLE 



ADDRESS ^y<Q 
CE — 



tRC 



OE 



WE 



V, H 



DATA OUT 



HIGHZ 



tCE 



tLZ 



*OE 



X 



xz 



7 C 









^DATA VALID )> 




m 


m 






tAA 





7^ 



pATA VALIE) ) 



toHZ 



AC test conditions Timing Reference Levels INPUT :1.5V, 

input Pulse Levels 0.6 to 2.4 volts nt t , A 1TT( t OUTPUT: 0.8V 4 2.0V 
Input Rise/Fall times 5ns OutputLoad 1 TTL gate and C L = 100 pF 
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< WRITE OPERATION > 

(V cc = 5V + 1 0% , Ta = 0°C ~ 70°C) 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MIN. 


MAX. 


Write Cycle Time 


twe 




10 


ms 


Address Setup Time 


*AS 


10 




ns 


Address Hold Time 


tAH 


70 




ns 


Chip Enable or Write Setup Time 


tcs 


0 




ns 


Chip Enable or Write Hold Time 


tCH 


0 




ns 


Chip Enable Pulse Width 


tew 


100 




ns 


Output Enable Setup Time 


k>ES 


10 




ns 


Output enable Hold rime 


tOEH 


10 




ns 


Write Enable Pulse Width (Note 1) 


twp 


100 




ns 


Data Latch Time 


tDL 


50 




ns 


Data Setup Time 


tDS 


50 




ns 


Data Hold Time 


tDH 


10 




ns 


Write Inhibit Time On Power Up 


t|NIT 


5 


10 


ms 



Note 1) WE is protected from noise. The write cycle does not start when the write pulse 
is less than 20 ns. 
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WRITE CYCLE 



• CONTROLLED BY WE 



twc 




• CONTROLLED BY CE 



twc 
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OKI semiconductor 

MSM28C64A 

8K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 



GENERAL DESCRIPTION 

The MSM28C64ARS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 81 92 words x 8 bits using a single 5V power supply. It features easy 
use because it operates with a single 5V power supply and its operation timing is similar to that 
of a static RAM. The automatic page write allows the system to write up to 32 bytes during a 
single write cycle, providing an effective byte cycle of 312us/byte. MSM28C64A also supports 
DATA polling to indicate the early completion of a write cycle. 

FEATURES 



• Fast read access time 120 ns 

• CMOS low power operation 

• 5 volt-only operation including write mode 

• Automatic page write 1 to 32 bytes in 10 ms max. 

• Data polling status indicator 



• TTL compatible inputs and outputs 

• 1 0,000 rewrites per byte 

• 1 0 years data retention 

• JEDEC standard approved byte wide 
pinout 



PIN CONFIGURATION 



(Top View) 




A 0 ~A 12 : ADDRESS 

INPUTS 
!&o~l/0 7 : DATA I/O 
£t : CHIP ENABLE 

OE : OUTPUT ENABLE 



WE : WRITE ENABLE 
V cc : V cc POWER 

SUPPLY 
V ss : GROUND 
NC : NO CONNECT 



FUNCTION BLOCK DIAGRAM 



A 5 ~A 12 



ADDRESS 
BUFFER 




AND 




r 


LATCHES 







J, 



INADVERTENT 

WRITE 
PROTECTION 



WE 
OE 



ROW 
DECODER 



HIGH 
VOLTAGE 
GENERATOR 



CONTROL LOGIC 



TIMER 



Ao~A 4 - 



65,536-BITS 
E 2 PROM 
ARRAY 



DATA 
POLLING 
LOGIC 



ADDRESS 
BUFFER 

AND 
LATCHES 






COLUMN 
DECODER 


r 



32 BYTE 

PAGE 
REGISTER 



I 



I/O 

B 
U 
F 
F 
E 
R 
S 



i/o 0 ~ 
i/o 7 
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MODE SELECTION 



CE 


oF 


WE 


MODE 


I/O 


POWER 


Viu 
In 


X 


X 


Standby 


High 2 


Standby 


Vii 


Vn 


VlH 
* In 


Read 


Dm it 


Active 


V|L 


V|H 




Byte write (WE controlled) 


D| N 


Active 




V,H 


V|L 


Byte write (CE controlled) 


Din 


Active 


X 


X 


V, H 


Write inhibit 


High Z 




X 


V|L 


X 


Write inhibit 


HighZ 





Note) X: Don't care (V, H or V| L ) 



DEVICE OPERATION 

<READ> 

The data in the MSM28C64A can be read by setting VVE to high (H), CE to low (L) and OE to L 
The data becomes valid upon lapse of tAA after the address change, tcE after CE setting to L, 
ortoE after OE setting to L, whichever is the latest. The I/O pin remain in a high impedance 
state to prevent data bus contention in the system when OE or CE is set to H. 

<BYTE WRITE > 

The write cycle starts when W E and CE are set to L and OE is set to H. The address input is 
latched on the falling edge of WE or CE (Whichever is later). The I/O pin data is latched on 
the first rising edge of WE or CE. The address and data are latched in 1 50 ns using the TTL 
level write signal. When the data latch ends, the MSM28C64A automatically erases the 
selected byte and writes the new data within 1 0 ms. 

<PAGE WRITE > 

The MSM28C64A contains a 32 byte temporary buffer which allows programming of 1 to 32 
bytes on a single 10 ms nonvolatile write cycle, which can effectively reduce programming 
time by a factor of 32. The 32 byte page into which the data will be written is specified by 
the addresses A5-A1 2 during the first system write operation following the completion of a 
previous nonvolatile write cycle. The byte within the specified page is identified by the 
adresses A0-A4 during the first and subsequent system write cycl es. B ytes can be written into 
the page in any order. Each successive data load cycle, started by WE HIGH to LOW 
tran sition, must begin within 10 ps of the rising edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 100 us, the internal automatic 
programming cycle will commence. There is no page write window limitation. The page 
write window is infinitely wide so long as the host continues to access the device within the 
data load cycle time of 1 Ous. 

<DATA POLLING > 

DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, any attempt to read the last byte written will output the comlement 
of that data on 1/07. Once the write cycle is completed, all l/Oswill produce true data during 
a read cycle. 
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< STANDBY > 

The power consumption decrease greatly by setting CE to TTL H level. 
<ENDURANCE> 

The MSM28C64A is designed for applications each requiring up to 10,000 rewrites per byte. 

<DATA PROTECTION > 

Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 

1. V C c LEVEL DETECTION 

The write cycle to the device is automatically inhibited when Vcc drops below 3.0V. 

2. TIME DELAY 

The MSM28C64A automatically inhibits any write operation for the period between 4 ms 
and 20 ms after Vcc reaches V W( level at the ti me of power up. 

This allows sufficient time for the system to set WE or CE to the H level before the start of 
writing. 

3. OE" GATING 

The MSM28C64A inhibits any write operation when OE is at the L level. 

4. WE NOISE PROTECTION 

The write cycle does not start for a write pulse shorter than 20 ns. 



ABSOLUTE MAXIMUM RATINGS (Notel) 

(Ta = 25' , C) 



Rating 


Symbol 


Value 


Unit 


Condition 


Power Supply Voltage 


Vcc 


-0.3 to 7 


V 


Respect to V s $ 


Input Voltage (Note 2) 


Vi 


-0.3toV cc +0.3 


V 


Respect to V$s 


Output Voltaeg (Note 2) 


Vo 


-0.3 to V cc +0.3 


V 


Respect to V$s 


Power Dissipation 


Pd 


1 


W 


Per package 


Operating Temperature 


Topr 


Oto 70 


°C 




Storage Temperature 


Tstg 


-55 to 150 


°C 
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Note 1) The stress upon exceeding the absolute maximum rating brings about a 

permanent damage to the device. There are stress ratings only and do not means 
"-functional operations of the device". They are by no means above the 
operating characteristics in the data sheet. Leaving the device for a long time in 
the absolute maximum rating state may adversely affect the device reliability. 

Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity, but do not use it beyond the maximum rating(s) for safety. 



ELECTRICAL CHARACTERISTICS 

<DC OPERATING CHARACTERISTICS > 

(V cc = 5V± 1 0% , Ta = 0°C ~ 70°C) 



PARAMETER 


SYMBOL 


TEST CONDITION 


LIMITS 


UNIT 


MIN. 


MAX. 


Input Low Voltage 


Vil 




-0.3 


0.8 


V 


Input High voltage 


V, H 




2.2 


V CC +0.3 


V 


Output Low Voltage 


Vol 


I 0 l = 2.1mA 




0.4 


V 


Output High Voltage 


Voh 


l OH = -400uA 


2.4 




V 


V C c Voltage for Write Inhibit 


Vwi 




3.0 


4.0 


V 


Input Leakage Current 


Ili 


v,n = o~v cc 


- 10 


10 


uA 


Output Leakage Current 


"lo 


V O UT = 0~V cc 


-10 


10 


uA 


Vcc Power Current 


ICCA 


CT=0F=V| L , l o = 0mA 
t RC = 120ns V cc = MAX 




30 


mA 


Standby Current 


Ices 


af= V CC -0.2V # 
V CC =MAX 




0.1 


mA 


kcsi 


CE = V )H , V cc = MAX 




1 


mA 
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< CAPACITANCE > 

Ta= + 25°C, f = 1 .OM Hz, V cc = 5V 



PARAMETER 


SYMBOL 


TEST CONDITION 


MIN. 


MAX. 


UNIT 


Input/Output Capacitance 


C|/0 


V, N = 0V 




10 


PF 


Input Capacitance 




V, N = 0V 




10 


PF 



AC CHARACTERISTICS 

<READ OPERATION > 

Ta = 0°C to 70°C, V cc = 5V + 1 0% 



PARAMETER 


SYMBOL 


28C64A-12 


28C64A-15 


28C64A-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


Read Cycle Time 


tRC 


120 




150 




200 




ns 


Address Access Time 


*AA 




120 




150 




200 


ns 


CE Access Time 


kE 




120 




150 




200 


ns 


OE Access Time 


t 0 E 




60 




70 




90 


ns 


CE to Output in Low 2 


t L Z 


10 




10 




10 




ns 


CE to Output in High 2 


tHZ 


10 


60 


10 


70 


10 


90 


ns 


OE to Output in Low 2 


tOLZ 


10 




10 




10 




ns 


OEto Output in High 2 


tQHZ 


10 


60 


10 


70 


10 


90 


ns 


Output Hold Time 




20 




20 




20 




ns 
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READ CYCLE 



ADDRESS ^)(^ 
CE ~ 



tRC 



OE 



WE 



V, H 



DATA OUT 



HIGH Z 



tCE 



tLZ 



tQE 



X 



DATA VALID 



xz 




7 C 



tyz 



|)ATA VAL\d > 



tQHZ 



AC test conditions 
Input Pulse Levels 



0.6 to 2.4 volts 



Input Rise/Fall times 5 ns 



Timing Reference Levels INPUT : 1.5V, 

OUTPUT: 0.8V & 2.0V 
Output Load 1 TTL gate and C L = 1 00 pF 



< WRITE OPERATION > 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MIN. 


MAX. 


Write Cycle Time 


twc 




10 


ms 


Address Setup Time 


tAS 


0 




ns 


Address Hold Time 


tAH 


100 




ns 


Chip Enable or Write Setup Time 


tcs 


0 




ns 


Chip Enable or Write Hold Time 


t C H 


0 




ns 


Chip Enable Pulse Width 


tew 


150 




ns 


Output Enable Setup Time 


*OES 


10 




ns 


Output Enable Hold Time 


k>EH 


10 




ns 


Write Enable Pulse Width 


twp 


150 




ns 


Data Latch Time 


tDL 


100 




^ 


Data Setup Time 


tDS 


70 




ns 


Data Hold Time 


*DH 


10 




ns 


Data Load Time (Page Write) 


tpL 


0.05 


10 


P s 


Write Inhibit Time On Power Up 


t|NIT 


4 


20 


ms 
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BYTE WRITE CYCLE 



• CONTROLLED BY WE 
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OKI semiconductor 



MSM28C256 



32Kx8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 



GENERAL DESCRIPTION 

The MSM28C256RS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 32,768 words x 8 bits using a single 5V power supply. It features 
easy use because it operates with a single 5V power supply and its operation timing is similar to 
that of a static RAM. The automatic page write allows the system to write up to 64 bytes during 
a singl e write cycle, providing an effective byte cycle of 1 56us/byte. MSM28C256 also supports 
DATA polling and toggle bit to indicate the early completion of a write cycle. 



FEATURES 



Access time 200 ns 

Power Dissipation: I C ca 60mA MAX, l C cs 1 00\iA MAX 
5 volt-only operation including write mode 
Automatic page write 1 to 64 bytes in 10 ms max. 
Detection of Write Completion Data Polling 

Toggle Bit 



Software Write Protection 

TTL compatible inputs and outputs 

1 0,000 rewrites per byte 

1 0 years data retention 

JEDEC standard approved byte wide 

pinout 



PIN CONFIGURATION 




A 0 ~A 14 : ADDRESS 

INPUTS 
\JQ. 0 ~\/O 7 : DATA I/O 
£L : CHIP ENABLE 

OE : OUTPUT ENABLE 



WE : WRITE ENABLE 
V cc : V cc POWER 

SUPPLY 
V ss : GROUND 



FUNCTION BLOCK DIAGRAM 



A 6 ~A,< 



ADDRESS 
BUFFER 

AND 
LATCHES |~1 



INADVERTENT 

WRITE 
PROTECTION 



WE 
OE 



ROW 
DECODER 



HIGH 
VOLTAGE 
GENERATOR 



CONTROL LOGIC 



TIMER 



Ao~A 5 



ADDRESS 
BUFFER 

AND 
LATCHES 



DATA 
POLLING 
LOGIC 



COLUMN 
DECODER 



262,144-BITS 
E 2 PROM 
ARRAY 



3 



64 BYTE 

PAGE 
REGISTER 



I/O 

B 

U 
F 
F 
E 
R 
S 



4— > 

i/cv 

l/0 7 



678 



ASMP 




D ASMP 

MSM514212 5k x 8 Line Memory 681 

MSM514221 262,263-Word x 4-Bits Field Memory 692 

MSM514252 262,144-Word x 4-Bits Multi-port DRAM 700 

MSM51 C262 65,536-Word x 4-Bits Multi-port DRAM 727 

MSM514201 1,048,576-Word x 1 -Bits Serial Register 757 



OKI semiconductor 



MSM514212 

5KX8 LINE MEMORY 



GENERAL DESCRIPTION 

The MSM514212 is a high speed FIFO line memory organized as 5048 words by 8 bits. OKI's 1 
micron CMOS technology and advanced circuit design architecture provide higher speed access 
time and lower power consumption. 

The MSM514212 design incorporates well experienced 1M DRAM cell fro main memories. This 
allows the MSM514212 high performance and high reliability. 

The MSM514212's first read/write bit just after read/write reset operation requires no extra 
waiting time for synchronized access. This enables the MSM514212 continuous uniform 
synchronized access. 

The MSM514212's read and write operations are independent and asynchronous. So, the 
MSM51421 2 allows system design wide flexibility. 

The MSM514212 has the applications as one line delay device for fast facsimiles and digital copy 
machines, buffer memory for machines having different system clock cycles, and synchronize clock 
standarizer memory for memories controled by multi-inputs. 

Having 28ns fact cycle time, the MSM514212 can also be applied as digital line memory for NTSC, 
PAL and SEC AM video systems having 8 fsc cycle time. 

The MSM514212 provides variable delay bits, from 40 bits to 5048 bits. The wide range variable 
delay bits is convenient when more than one line bits delay is required for noise reduction or 
digital filter of VTR, IDTV, ED TV and HDTV systems. 



FEATURES 




• Capacity 


5048 x 8 bits 


• Access 


I/O asynchronous 


• Access time 


28 nsec(MIN.) 


• Cycle time 


28 nsec(MIN.) 


• Delay bits 


Variable (40-5048) 


• Package 


400 mil 28 pin ZIP 


• Current consumption 


120 mA (MAX.) 


• Operating voltage range 


4.5V-5.5V 


• Operating temperature range : 


0°C~70°C 
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PIN CONFDIGURATION 




MSM514212 



123456789 1011 1213141516171819202122 232425 262728 



1. GND : Ground 


15. RCK : Read clock 


2. GND Ground 


16. GND Ground 


3. DIN3 : Data input 


17. DOUT4 : Data output 


4. DIN2 : Data input 


18. DOUT5 : Data output 


5. DIN1 : Data input 


19. DOUT6 : Data output 


6. DINO : Data input 


20. DOUT7 : Data output 


7. VCC Power supply 


21. VCC : Power supply 


8. DOUT0 : Data output 


22. WE : Write enable 


9. DOUT1 : Data output 


23. WR : Write address reset 


10. DOUT2 : Data output 


24. DIN7 : Data input 


11. DOUT3 : Data output 


25. DIN6 : Data input 


12. GND : Ground 


26. DIN5 : Data input 


13. RR : Read address reset 


27. DIN4 : Data input 


14. "RE : Read enable 


28. WCK : Write clock 
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MSM514212 PIN DESCRIPTION 



Symbol 


Function 


DO0-DO7 


Data output. Access time is measured from RCk rising edqe. 


DI0-DI7 


Data in. Input setup-time and hold-time is measured from WCK risinq edqe. 


RCK 


Read clock. Read operation occurs synchronized with RCK clocks when RE 
level is low when read operation, read address pointer incremention also 
occurs. 


"re 


Read enable. Output operation is prohibited synchronized with RCK when RE 
level is high. Then, read address pointer is stopped. When RE level is low, 
output operation is enabled. 


RR 


Read address pointer reset. Read address pointer is reset synchronized with 
RCK when RR is low. RR setup time and hold time are measured form RCK 
rising edge. When delay bit number comes to 5048, read address pointer is 
automatically reset. 


WCK 


Write clock. Write operation is prohibitted synchronized with WCK when WE 
level is high. Then, write address pointer is stopped. When WE level is low, 
input operation is enabled. 


"WE 


Write enable. Input operation is prohibited synchronized with WCK when 
WE level is high. Then, write address pointer is stopped. When WE level is 
low, input operation is enabled. 


WR 


Write address pointer reset. Write address pointer reset operation starts at 
the WCK rising edge when WR level is low. WR setup time and hold time are 
measured from WCK riisng edge. When delay bit number comes to 5048, 
write address pointer is automatically reset. 


VCC 


Power supply. ( + 5V) 


GND 


Ground. 
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ELECTRICAL CHARACTERISTICS 



• Absolute Maximum Ratings 



Rating 


Symbol 


Conditions 


Value 


Unit 


Pin voltage relative to Vss 


v T 




-1.5- + 7.0 


V 


Supply voltage 


Vcc 




-1.5- + 7.0 


V 


Circuit output current 


lo 




20 


mA 


Operating temperature 


Topt 




0-70 


°C 


Storage temperature 


Tstg 




-55- + 125 


°C 



• Recommended Operating Condition 



Parameter 


Symbol 


Condition 


MIN 


TYP 


MAX 


Unit 


Supply voltage 


Vcc 




4.5 


5.0 


5.5 


V 


Input high voltage 


V, H 




2.4 




5.5 


V 


Input low voltage 


Vil 




- 1.5 




0.8 


V 


Temperature around 


Ta 




0 




+ 70 


°C 


DC Characteristics (on the recommended operating conditions) 


Parameter 


Symbol 


Condition 


MIN 


TYP 


MAX 


Unit 


Power supply current 


Ice 








120 


mA 


Input leakage current 


li 


Vi = 0-Vco Other pins are 0V 


-10 




10 


uA 


Output leakage 
current 


lo 


Vo = 0-5.5V, DOUThigh 
inpedance 


- 10 




10 


uA 


Output high level 
voltage 


VOH 


I 0 h~ 1mA 


2.4 






V 


Output low level 
voltage 


Vol 


I 0 l = 2mA 






0.4 


V 


Capacitance (Ta = 25 'C, f = 1 MHz) 


Parameter 


Symbol 


Condition 


MIN 


TYP 


MAX 


Unit 


Input capacitance 


Q 








5 


PF 


Output capacitance 


Co 








7 
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•AC Characteristics - On the recommended operating conditions 



Parameter 


Symbol 


514212-28 


514212-34 


514212-50 


Unit 


r /l 1 Kl 

MIN 


MAX 


MIN 


Ml A V 

MAX 


MIN 


MAY 

MAX 


WritP rlork rv/rlp timp 


"twCK 


28 


1090 


34 


1090 


50 


1090 


ns 


WritP rlnrk milcp wiHth 

WW 1 1 LC \»IVV.Ix UUDC VV 1 VJ LI 1 


"twcw 


11 




14 




20 




ns 


WW I 1 IC \-\ \J\.r^ pi CLI Idl yc LI 1 1 It: 


twcp 


11 




14 




20 




ns 


RpaH timo 
rvcdu wiUvi\ v.yv.ic nine 


^RCK 


28 




34 




50 




ns 


Read clock pulse width 


tRCW 


11 




14 




20 




ns 


Read clock precharge time 


tRCP 


11 




14 




20 




ns 


Access time 


tAC 




28 




34 




40 


ns 


Cycle access time right after reset 


UCR 




28 




34 




40 


ns 


Output hold time 


*OH 


5 




5 




5 




ns 


Output hold time right after 
reset 


tOHR 


5 




5 




5 




ns 


Output low impedance period 


tLZ 


5 


28 


5 


34 


5 


40 


ns 


Output high impedance period 


tHZ 


5 


28 


5 


34 


5 


40 


ns 


Input data setup time 


tDS 


11 




14 




15 




ns 


Input data hold time 


*DH 


5 




5 




5 




ns 


WR/RR setup time from 
WCK/RCK 


tRS 


11 




14 




15 




ns 


WR/RR hold time from WCK/RCK 


tRH 


5 




5 




5 




ns 


WR/RR nonselective time 1 from 
WCK/RCK 


tRNI 


5 




5 




5 




ns 


WR/RR nonselective time 2 from 
WCK/RCK 


tRN2 


11 




14 




15 




ns 


WE setup time from WCK 


*WES 


11 




14 




15 




ns 


"WE hold time from WCK 


tWEH 


5 




5 




5 




ns 


WE nonselective time 1 from 
WCK 


WVEN1 


5 




5 




5 




ns 


WE nonselective time 2 form 
WCK 


tWEN2 


1 1 




14 




15 




ns 


RP cpfi in time frr\m QCK 


X RES 


11 




14 




15 




ns 


RE~hold time from RCK 


tREH 


5 




5 




5 




ns 


RE nonselective time 1 from RCK 


tREN1 


5 




5 




5 




ns 


RE nonselective time 2 from RCK 


tREN2 


11 




14 




15 




ns 


WE high level period 


t WEW 


0 




0 




0 




ns 


RE high level period 


*REW 


0 




0 




0 




ns 


WR low level period (Write reset 
period) 


^RSTW 


0 




0 




0 




ns 


WR low level period ;(Read reset 
period) 


"tRSTR 


0 




0 




0 




ns 


Transition time 




3 




3 




3 




ns 
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WRITE CYCLE 



4- CYCLE n — ► 



WCK^ 



*wce 



WE 



4CYCLEn + 1 *4 CYCLE n + 2 ► 



*WEN1 t WES t WEH t WEN2 



DISABLE CYCLE 



4 CYCLE n + 3 > 



Din 



(n) 



(n + 1) 




(n + 3) 



WR = "H" 



READ CYCLE 



RCK 



r 



we\ 



Din 



CYCLE n — ► 



^RCK 



4 CYCLE n + 1 



CYCLE n + 2 



(n) 



DISABLE CYCLE ► 



t REW 



CYCLE n + 3 * 



HIGH-Z 



(n + 3)) ( 



RR = "H" LEVEL 
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WRITE RESET CYCLE 



WCK 



WR 



CYCLE n 



RESET CYCLE 



tRSTW 



CYCLE 0 




CYCLE 1 



Din (n-1) 



(1) 



WE = "L" LEVEL 



READ RESET CYCLE 



WCK 



WR 



CYCLE n 



^RN1 



RESET CYCLE 



^RSTR 



(n) 



CYCLE 0 




(n) 



CYCLE 1 



(n) 



^OH ^OH ^OH 




(n) 



RE = "L" LEVEL 



NOTE: ReadAA/rite reset cycle is not necessarily required 
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1H DELAY TIMING 



4- CYCLE 0 > 4" CYCLE 1 > 4" CYCLE 2 



CK 
RCI 
-J| 



rckO 



tRS 



WR ^ / 

RR 



^WCK 
< tRCK ► 



*WCW 
RCW 



tl 

4 ► 



CYCLE 
E547 



>4 



DOU 



CYCLE 
5048 
(0) 



+ 4 



CYCLE 
5049 
(D 



2H 



CYCLE 
5090 
(2) 



+4 



CYCLE 
5091 
(3) 




WR, WE = "L" LEVEL 
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n bit DELAY TIMING (1) 



4" CYCLE 0 4" CYCLE 1 4" CYCLE 2 -> 



WCK 
RCK 

-J 



in 

*RCW 

4— ► 



WR ^ 
RR 



^ r \j r \u'\j r \j r \j r \j r \j r \j r \J 



t 

i — ► 



->4- 



-►4 




CYCLE 
n+ 1 
(D 



+ 4 



CYCLE 
n*2 
(2) 



CYCLE 
n + 3 
(3) 



4-^-* 




<u m (2) m o) 



WR, WE = "L" LEVEL 
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n bit DELAY TIMING (2) 



twCK 
*RCK 

4" CYCLE 0 f> 4r\ CYCLE 1 l+W CYCLE 2 



WCK 
RCK 

-Jl 



m 

*wcv\ 



WR y 



RR 



< ► 



CYCLE CYCLE CYCLE I CYCLE I CYCLE ^ 




WR, WE = "L" LEVEL 
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n bit DELAY TIMING (3) 



4- CYCLE 0 +4~ CYCLE 1 CYCLE 2 "> 



WCK 
RCK 



*wcv\ 



WRj\ 
RR 



RE 



^WCK 



< — ► 



CYCLE CYCLE 



"►<- n*1 "►<" n + 2 ■><" n + 3 "M 



t D s- 





WR, WE = "L" LEVEL 
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OKI semiconductor 
MSM514221 

262, 263 words X 4 bits field memory 



GENERAL 

MSM514221 is a CMOS dynamic memory device organized as 256K+ 120 words by 4 bits; it is a 
serial access memory that performs high speed, asynchronous read/write operation. It is used 
mainly for fields of digital TV/VTR that requires higher speed operation, lower power 
consumption, and larger capacity. Minimizing its external control pins allows itself to be packaged 
in a standard, plastic 300mil 16PIN-DIP. 

Serial read/write operation of MSM5 14221 can be separately controlled asynchronously and in a 
different clock rate with dedicated clock. Also, access time and read/write cycle time synchronizes 
with the clock, and its execution can be standard immediately with any address without wait time. 
MSM514221 has a built-in, self refresh control circuit, which requires no external refersh. 



FEATURES 

• 512 x 512 x 4 bit organization 

• High speed FIFO operation 

• Serial access time 25nS/30nS 

• Serial read/write 30nS/60nS 
cycle time 

• Low power consumption 275 mW max. at 
the highest speed 



• Power voltage single 5V± 10% 

• 16PIN 300mil width, plastic DIP 

• 1 .2um standard CMOS DRAM process 

• TI'sTMS4C1 050 compatible 



PIN CONFIGURATION 




SWCK 
SRCK 
WE 
RE 

RSTW 
RSTR 

Din 0-3 
Dout 0-3 
Vcc 
Vss 



serial write clock 
serial read clock 
write enable 
read enable 
reset write 
reset read 
data input 
data output 
power supply ( + 5V) 
ground 
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SRCK 



RSTR 



RSTW 



SWCK 



Serial read 
timing controller 



Read reset 
controller 



Read /write 
select switch I . 



Write reset 
controller 



Serial write 
timing controller 



DoutO 



Dout 1 



Dout2 



Dout 3 



Data-out 
buffer 


Data-out 
buffer 


Data-out 
buffer 


Data-out 
buffer 




• M -1 












256 word 
data register 


256 word 
data register 


256 word 
data register 


256 word 
data register 



-ORE 



00 
r~ 

O 
n 

g 

> 
o 

> 
2 



256K 


256K 


256K 


256K 


X- 


memory 


memory 


memory 


memory 


decoder 


array 


array 


array 


array 





Read/write 
and refresh 
controller 



256 word 


256 word 


256 word 


256 word 


data register 


data register 


data register 


data register 



120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 


120 word 
Sub-register 




t_ 








Data-in 
buffer 


Data-in 
buffer 


Data-in 
buffer 


Data-in 
buffer 


i 

Din 0 


t 

o 
Din 1 


t 

o 

Din 2 


t 

o 

Din 3 



Clock 
oscillator 





VBB 




generator 



-OWE 



> 

CO 

k 

C/> 

w 

—ft 

IS) 



i 
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PIN FUNCTION 

• Data input (Din 0-3) 
Used for serial data input. 

• Data output (Dout 0-3) 
Used for serial data output. 

• Reset write (RSTW) 

Used as a reset input pin for initializing (return to address 1) write address pointer. 

• Reset read (RSTR) 

Used as a reset input pin for initializing (return to address 1) read address pointer. 

• Write enable (WE) 

When this pin is at "L" level, write operation is disabled, and the internal write address pointer 
remains unchanged regardless of the SWCK input. 

• Read enable (RE) 

When this pin is at "L" level, read operation is disabled, and the internal read address pointer 
remains unchanged regardless of the SRCK input. The output becomes high impedance stage. 

• Serial write clolck (SWCK) 

Clock input to this pin executes write operation. 

The write operation synchronizes with serial write clock while the WE is at "H" level; internal 
write address pointer is also incremented simultaneously. 

• Serial read clolck (SRCK) 

Clock input to this pin executes read operation. 

The read operation synchronizes with serial read clock while the RE is at "H" level; internal read 
address pointer is also incremented simultaneously. 
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OPERATION MODE 

• Write cycle 

Write operation is executed synchronizing with SWCK clock when WE is enabled (at "H" level). 
At this time make sure to perform RSTW operation first to initialize internal circuit. When 
finishing write operation, make sure to RSTW operation first to transfer the last data to memory 
cell. At this time, disable WE ("L") and perform RSTW operation to properly transfer data to the 
last address. If the RSTW operation is performed with WE enabled ("H") the data is not written 
on the last address but on the first address. 

• Read cycle 

Read operation is executed synchronizing with SRCK clock when RE is enabled (at "H" level). 
At this time make sure to perform RSTR operation first to initialize internal circuit. 

• Power up 

To perform normal memory operation, start operation with more than 100 psec of a pause after 
Vcc has reached the specified voltage after the power up. AT this time, execute RSTW and RSTR 
operation, and perform initialization of each pointer since the locations of internal read address 
pointer and write address pointer have not been fixed. After reset operation, data read/write 
operation can be started with the first address (address 1). 

• Read access of new data 

In reading new data (when the written data is read immediately after the write operation), the 
difference between read address and write address must not be less than 600, and not be more 
than 262, 263. 

• Read access of old data 

In reading old data (where the data written before the writing operation is read), the difference 
between read address and write address must be within zero and 1 19. 
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ELECTRICAL CHARACTERISTICS 

• Absolute maximum rating 



Description 


Symbol 


Conditions 


Ratings 


Pin voltage 


VT 


atTA = 25°C, Vss 


-1.0-7.0V 


Output short circuited current 


■as 


TA = 25°C 


50 mA 


Allowable power loss 


PD 


TA = 25°C 


1W 


Operation temperature 


Top 




0~70°C 


Storage temperature 


Tstg 




- 55- 


150°C 


Recommended operation condition 


Description 


Symbol 


MIN. 


TYP. 


MAX. 


Unit 


Power voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Power voltage 


Vss 


0 


0 


0 


V 


Input "H" voltage 


V, H 


2.4 


Vcc 


Vcc+ 1 


V 


Input "L" voltage 


V|L 


-1.0 


0 


0.8 


V 



• Direct current characteristics 



Description 


Symbol 


Measuring condition 


MIN. 


MAX. 


Unit 


Output "H" voltage 


Voh 


IOH= -5mA 


2.4 




V 


Output "L" voltage 


Vol 


IOL = 4.2mA 




0.4 


V 


Input leak current 


lu 


0<VKVcc+ 1, other input 0V 


-10 


10 


uA 


Output leak current 


Ilo 


0<VO<5.5V 


- 10 


10 


uA 


Power current (operating) 


led 


t R c = min 




50 


mA 


Power current (waiting) 


Icc2 


Input pin = V| L /V|h 




5 


mA 


Pin capacity 

(Ta = 25°C,f = 1MHz) 


Description 


Symbol 


MAX. 


Unit 


Input capacitance (Din, SWCK, SRCK, RSTW, RSTR, WE, RE) 


Ci 


7 


pF 


Output capacitance (Dout) 


Co 


7 


PF 
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• Alernate current characteristics 

(Vcc = 5V±10%,Ta = CK70°C) 



Description 


Symbol 


MSM514221-3 


MSM514221-6 


Unit 


MAX. 


MAX. 


MIN. 


MAX. 








Zj 






ns 


Dm it hold timp f mm *>Rf*K 

L/UU I 1 IvM VJ III 1 lv 1 1 VJI 1 1 jr\^.IN 


^DDCK 


1 n 




1 z> 




nc 

1 15 


Dm it hold time from RF 

L/UU I 1 IUIU Willie II Ul 1 1 l\ L. 


^DDRE 


1 5 




1 o 




nc 
1 19 


SWCK "H" nuke width 


t\A/SWH 


1 z 




1 7 




nc 

1 19 




twSWl 


\Z 




1 7 




ns 


Inni it riata ceti in time 
1 1 ipu L Ud La >CT LU U LI 1 lie 




n 
U 




U 




ns 


Innut data hnld tirhP 
m ipui uaia i ivvivj iiiiic 


^DH 


1 n 
lU 




i r 

1 5 




ns 


\A/rite i nctri if t i nn cat i in ti mo 
VVIlie II19LI UV.LIUI 1 9CLUp Llllie 


*WCS 


U 




U 




ns 


\A/ritp i nctri irt inn hnlH timo 
vvriie if 19L1 UL.LIUI i nuiu nine 


twCH 


u 




0 




ns 


\/\/F "L" nukp width 

V»L L. |tSUI9C VVIVJLM 


tvVWE 


bn 




i On 




c 
> 


RCT\A/ coti in timp 
r\j i vv seLup Lime 


tRSTWS 


U 




0 




ns 


RCTW hold time 
r\ j i vv fivsiu Lime 


^RSTWH 


1 n 

1 u 




1 D 




ns 


SRCK "H" nuke width 

jixvin ii yJ u oc w i vi Li i 


twSRH 


1 z 




1 "7 

1 7 




ns 


SRCK "L" nuke width 


twSRL 


\Z 




1 "7 

I 7 




ns 


Read i nctri irtinn ceti in timp 
rveau 1 1 i>li uv. li ui i >e lu^j li 1 1 le 


^RCS 


n 
U 




u 




ns 


Read inctrurtinn hold timp 

nCaU II 1)11 UvllUI 1 1 IVJIvl LllllvT 


^RCH 


n 
u 




u 




ns 


RE "L" pulse width 


^WRE 


5n 




10n 






RSTR setup time 


tRSTRS 


0 




0 




ns 


RSTR hold time 


tRSTRH 


10 




15 




ns 


SWCK cycle time 


tswc 


30n 




60n 




s 


SRCK cycle time 


*SRC 


30n 




60n 




s 


Rise time and fall time 


tT 


3 


30 


3 


30 


ns 



(Note) 



1 . The input voltage reference levels stipulated in the timing specification are V| H = 2.4V and 
V tL = 0.8V. The tT is a transition time betwen V (H = 2.4V and V )L = 0.8V. 

2. Rise and fall times Tt of all the cycles is specified as 3ns. 

3. During asynchronous execution of write and read, the difference between write address 
and read address should not be less than 600. 

4. To read data that was written during a cartain cycle, read cycle should be executed with an 
address difference more than 600. However, if the read address is less than 1 1 9, compared 
with the write address, the old write address is output. 

5. Where the read address is, compared with the write address, between 1 20 and 599 and if it 
is not less than 262, 263, there is not guarantee in the output data. 
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Write Cycle Timing (Reset Write) 




Write Cycle Timing (Write Enable) 



SWCK 


^ — n cycle — ► 


disable 

cycle 


-*-n + 1 cycle-*- 


/ \ 


/ \ 


/ \ 




twCH 




twcs 









RSTW 



tDS 



rx 



\ L 



twwF 



VlL 

V IH 
VlL 



Din 



RSTW 



n+ 1 



n + 2 



V,h 



Vih 
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Read Cycle Timing (Reset Read) 




Read Cycle Timing (Read Enable) 
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OKI semiconductor 



MSM514252 



262, 144 words X 4 bits Multi-port DRAM 



< Fast Page Mode > 



DESCRIPTION 



The OKI MSM514252 is a high speed 1M bits Multi-port Dynamic Randam Access Memory designed 
especially for high performance graphics applications. The multiport DRAM consists of a 256K x 4 
bits DRAM port with multiplexed addresses and a 512 x 4 bits serial Read/Write port. 

The multi-port DRAM uses OKI's N-well CMOS process combined with silicide technology and a 
single transister dynamic storage cell. The technology provides wide operating margins as well as 
high density and low power dissipation. 

In addition to the conventional 1 megabit random access port which has fast page operation 
mode, the multi-port DRAM has a second fast serial access read/write port with a clock rate of 
33MHz for driving a video-type display. 

The multiport DRAM has an internal 512X4 bits shift register which can be parallel loaded with an 
entire row of data from sense amps in a special cycle which is referred to as the Read Data Transfer 
Cycle. Data is shifted out via the serial port for screen refresh, independent of the random access 
port. The shift register is also used to write 512 X 4 bits of data to connected sense amps in a 
special cycle which is referred to as the Write Transfer Cycle. Serial read and random read/write 
operation can occur simultaneously except when the serial shift register load operation must be 
synchronized with any random access port operations. Serial write and random read/write 
operations can occur except in a Write Data Transfer cycle. 

The 512 X 4 bits shift register can supply a constant 33 MHz, four-bit wide data stream. The shift 
register requires no refresh operation because it uses static CMOS flip-flops. 



FEATURES 



■ Dual Port 

• RAM port 

• SAM port 



■ Bidirectional Data Transfer 



256K words X 4 bits 
512 words X 4 bits 



• Read Data Transfer: 

From RAM array to data register 



■ Fast Access 
• RAM port 



Cycle time 190 ns(MIN) 
Access time 100 ns(MAX) 
:Cycletime 30 ns(MIN) 
; Access time 30 ns (MAX) 



• Write Data Transfer: 

From data register to RAM array 



• SAM port 



• Pseudo Write Data Transfer: 

No data transfer from data register 
to RAM array 



■ Asynchronous Operation (Except during 
data transfer period) 



■ Pointer Control 

• Addressable serial read/write start bit 
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FEATURES (Continued) 

■ Write Per Bit 

• Write mask to any combination of 
the 4 bits on the random access 
pins 

■ Continuous Serial Read 

• Real time data transfer from the 
RAM array to the data register 

■ Fast Page Mode 

• Fast Page Cycle : 55ns(MIN) 

• CAS Access Time: 35 ns (MAX) 



■ Refresh Capabilities 

• RAS Only Refresh Mode: 512 cycle/8 ms 

• Hidden Refresh Mode 

• CAS before RAS Refresh Mode 

■ Full TTL Compatibility 

■ Single Power supply 

• 5V ± 10% 

■ JEDECPinout 

400 mil 28 pin ZIP 



PIN OUT 



NC C 
W3/I03 C 
SI02 C 
VSS C 

sioo C 

"DT/OE C 

W1/101 C 

NC C 
A8 C 
A5C 

vcc C 

A3 C 
A1 C 
NC C 



1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 



2 □ 
4 □ 
6 □ 
8 □ 
10 □ 
12 □ 
14 □ 
16 □ 
18 □ 
20 □ 
22 □ 
24 □ 
26 □ 
28 □ 



W2/I02 
SE 

SI03 

SC 

SI01 

W0/IO0 

WB/WE 

RAS 

A6 

A4 

A7 

A2 

AO 

CAS 



28 PIN ZIP 



SC 


SERIAL CLOCK 


RAS 


= ROW ADDRESS STROBE 


SIO0-3 = 


SERIAL DATA IN, DATA OUT 


A0-8 


= ADDRESS INPUT 


dt/oeT = 


DATA TRANSFER ENABLE, DRAM 


VCC 


= POWER ( + 5V) 




OUTPUT ENABLE 


VSS 


= GROUND 


IO0-3 = 


DRAM DATA IN, DATA OUT 


SE 


= SERIAL ENABLE 


WB/WE = 


WRITE PER BIT/WRITE ENABLE 


CAS 


= COLUMN ADDRESS STROBE 


NC 


NO CONNECTION 
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H 



Write mask 
control 



WB/WE 
WB/WE 0-| clock 

generator 



CAS O- 



CAS clock 
generator 



RAS O- 



RAS clock 
generator 



Add. O 



X address 
buffer 



Y address 
buffer 



W0/IO0 

? 


W1/I01 

? 


W2/I02 

? 


W3/I03 

? 


I/O buffer 


I/O buffer 


I/O buffer 


I/O buffer 



Refresh 
address 
counter 



6 

SIOO 



SIOI 



SI02 



SI03 



JL ±_ 

RAS CAS 



— \ 
—v 


Y decoder 


Y decoder 


Y decoder 


Y decoder 


X 










d 










e 
c 


256k memory 


256k memory 


256k memory 


256k memory 


0 

d 


array 


array 


array 


array 


e 
r 











512 data 
register 


512 data 
register 


512 data 
register 


512data 
register 


Pointer 


Pointer 


Pointer 


Pointer 



Sl/O buffer 


Sl/O buffer 


Sl/O buffer 


Sl/O buffer 



OE clock 
generator 



— O DT/OE 



00 
I— 

o 
n 

7s 
D 
> 

> 



> 

CO 

-a 

k 

CJI 



ro 



Transfer 
control 



SE clock 
generator 



SC clock 
generator 



VBB generator 



-O SE 



-O SC 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply Voltage 




-1-7 


V 


Vi 


Input Voltage 


With respect to Vss, 
Ta = 25°C 


-1-7 


V 


Vo 


Output Voltage 




-1-7 


V 


lo 


Output Current 


Ta = 25°C 


50 


mA 


Pd 


Power Dissipation 


Ta = 25°C 


1000 


mW 


Topr 


Operating Temperature 




0-70 


°C 


Tstg 


Storage Temperature 




-55-150 


°C 



CAPACITANCE (Ta = 25°C,f = 1MHz, Vi = 25mVrms) 



Symbol 


Parameter 


Min 


Max 


Unit 


Qni 


RAS, CAS, WB/WE, SC, SE, DT/OT 




8 


pF 


C|N2 


A0-A7 




5 


PF 


Q01 


I/O0-3, SIOO-3 




7 


PF 



RECOMMENDED OPERATING CONDITIONS 

(Ta = 0~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply Voltage 


4.5 


5 


5.5 


V 


Vss 


Supply Voltage 


0 


0 


0 


V 


V, H 


High-level Input voltage, all inputs 


2.4 




Vcc+ 1 


V 


V, L 


Low-level Input voltage, all inputs 


-1 




0.8 


V 



*AII input voltages are with respect to Vss 



DC CHARACTERISTICS (Ta = 0— 70°C, Vcc = 5V ± 10%, Vss = 0V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Voh 


High-level output voltage 


l 0 H = -2mA 


2.4 




Vcc 


V 


Vol 


Low-level output voltage 


Iql = 4.2mA 


0 




0.4 


V 


Ilo 


Off -state output current 


Output nonactive, 
0V^Vout^5.5V 


-10 




10 


uA 


Ili 


Input current 


OV^Vin^Vcc, Other 
input pins = 0V 


-10 




10 


uA 



* Current flowing into an IC is positive, out is negative 
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DC CHARACTERISTICS (Cont.) 



Symbol 


Parameter 




MSM514252 


Unit 








-10 


-12 




RAM port 


Serial I/O port 


Max 


Max 




lcd(AV) 


Random R/W cycle (RAS, CAS 
Address cvc I ina tRC = tRC fmirM 


Standby (SC = V, L ) 


70 


60 


mA 


Icc2** 


Standby (RAS = CAS = V, H , 
Dout = HZ) 


Standby (SC = V, L ) 


5 


5 


mA 


lcc3(AV) 


RAS only refresh cycling 
(CAS = Vm, tRC = tRC (min)) 


Standby (SC = V, L ) 


70 


60 


mA 


lcc4(AV) 


Page mode cycle, 

(RAS = Vil, tPC = tPC(min) 

CAS cycling) 


jiai iuuy \ jv- — v|[_y 


45 


35 




lcc5(AV) 


r* AQ Kota ro D AC ro"f rocl*i 

RAS/CAS Cycling, (tRC = tRC(min)) 


Standby (SC = V, L ) 


70 


60 


mA 


lcc6(AV) 


Pla+a tranclor r\ir\a ^HT/HF rAC 
UdLd Llallblci LyCIc, \\J\I\J\L, LMj 

RAS cycling, (tRC = tRC(min)) 


Standby (SC = V, L ) 


75 


65 


mA 


lcc7(AV) 


Random R/W cycle (RAS, CAS 
cycling, tRC = tRC(min)) 


Active 

(tSCC = tSCCfminW 


120 


100 


mA 


lcc8(AV) 


Standby (RAS = V, H , Dout = HZ) 


Active 

(tSCC - tSCCfminN 


50 


40 


mA 


lcc9(AV) 


RAS only refresh cycle, (RAS 
cycling, CAS = V| H , tRC = tRC(min)) 


Active 

(tSCC = tSCC(min)) 


1 10 


90 


mA 


lcdO(AV) 


Page mode cycle 
(RAS = V lL , CAS cycling, 
tRC = tRC(min)) 


Active 

(tSCC = tSCC(min)) 


100 


80 


mA 


lcc11(AV) 


CAS before RAS refresh 

(RAS, CAS cycling, tRC = tRC(min)) 


Active 

(tSCC = tSCC(min)) 


110 


90 


mA 


lcc12(AV) 


Data transfer cycle 
DT/OE, RAS CAS cycling, 
tRC = tRC(min)) 


Active 

(tSCC = tSCC(min)) 


125 


105 


mA 



* Ice (AV) is obtained with the output open. (AV) specifies average value. 
** If V lH ^VccX0.9 and V, L ^ 0.6V, then Icc2^ 1.5mA. 
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TIMING REQUIREMENTS-Dynamic Access (vcc=5v±io%,Ta=o-7o o a 



Symbol 


MSM514252 


Unit 


Note 


-10 


-12 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random read or write cycle time 


190 


- 


220 


- 


ns 




tRMW 


Read modify write cycle time 


255 


- 


295 


■ 


ns 




tPC 


Fast page mode cycle time 


55 




70 




ns 




tPRMW 


Fast page mode read/write cycle 
time 


120 




145 




ns 




tRAC 


Access time from RAS 


- 


100 


- 


120 


ns 


2.7 


tCAC 


Access time from CAS 


- 


35 


- 


45 


ns 


2.7 


tAA 


Access time from column address 


- 


50 


- 


60 


ns 


2.8 


tCPA 


Access time from CAS precharge 


- 


50 


- 


65 


ns 


2 


tCLZ 


Output low impedance time from 
CAS 


5 


- 


5 


- 


ns 


2 


tOFF 


Output buffer turn-off delay 


0 


30 


0 


35 


ns 


5 


tT 


Transition time 


3 


50 


3 


50 


ns 


1 


tRP 


RAS precharge time 


80 


— : — [ 


90 




ns 




tRAS 


RAS pulse width 


100 


10,000 


120 


10,000 


ns 




tRSH 


RAS hold time from CAS 


35 




45 




ns 




tCSH 


CAS hold time from RAS 


100 


- 


120 


- 


ns 




tCAS 


CAS pulse width 


35 


10,000 


45 


10,000 


ns 




tRCD 


RAS toCAS delay 


25 


65 


25 


75 


ns 


7 


tRAD 


RAS to column address delay 


20 


50 


20 


60 


ns 




tCRP 


V-.M3 lu f\Mj preLnargt? Lime 


10 


- 


10 


- 


ns 




tCPN 


lmj precnar gc Lime 


15 




20 




ns 




tCP 


C AC nrorKarrio + i m f Cart r\^n& 

v-Mj precriaigc Lime page 

mode) 


10 




1 5 




ns 




tASR 


Row address set-up time 


0 


- 


0 


- 


ns 




tRAH 


Row address hold time 


15 


- 


15 


- 


ns 




tASC 


Column address set-up time 


0 


- 


0 


- 


ns 




tCAH 


Column address hold time 


20 


- 


25 


- 


ns 




tRRH 


Read command hold time 
reference to RAS 


0 


- 


0 


- 


ns 


4 


tWP 


Write command pulse width 


20 




25 




ns 




tRWL 


Write command to RAS load time 


25 




30 




ns 




tCWL 


Write command to CAS lead time 


25 




30 




ns 




tDS 


Data-in set-uptime 


0 




0 




ns 


5 


tDH 


Data-in hold time 


20 




25 




ns 


5 


tREF 


Refresh period (512 cycles: A0-A8) 




8 




8 


ns 




twcs 


Write command set-up ;time 


0 




0 




ns 


6 


tCWD 


CAStoWFdelay 


75 




85 




ns 


6 
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TIMING REQUIREMENTS-Dynamic Access (vcc=5v±io%,Ta=o-7o°Q 



Symbol 


MSM514252 


Unit 


Note 


-10 


-12 


MIN. 


MAX. 


MIN. 


MAX. 


tAWD 


Column adress to WE delay time 


85 




100 




ns 


D 


tCSR 


RAS to CAS set-up time (CAS before 
RAS) 


10 


_ 


10 




ns 




tCHR 


RAS to CAS hold time (CAS before 
RAS) 


30 


- 


30 


- 


ns 




tRPC 


CAS active delay from RAS 
precharge 


10 




10 




ns 




tOEA 


Access time from OE 


- 


35 


- 


45 


ns 




tOED 


OE delay time 


25 


- 


30 


- 


ns 




tOEZ 


OE to data output buffer turn-off 
delay 


0 


25 


0 


30 


ns 


3 


tWCH 


Write command hold time 


20 




25 


- 


ns 




tOEH 


OE command hold time 


25 


- 


30 


- 


ns 




tRCS 


Read command set-up time 


0 


- 


0 


- 


ns 




tRCH 


Read command hold time 


0 




0 




ns 


4 


tAR 


Column address hold time from RAS 


75 




90 




ns 




tRAL 


RAS read time from column address 


50 




60 




ns 




tWCR 


Write command hold time from 
RAS 


75 




90 




ns 




tDHR 


Data-in hold time from RAS 


75 




90 




ns 




tRWD 


RAStoWEdelay 


135 




160 




ns 




tROH 


RAS hold time reference to OE 


20 




20 




ns 
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TIMING REQUIREMENTS-Serial Access <vcc. sv± 10%, Ta« 0-70-0 



Symbol 


MSM514251 


Unit 


Note 


-10 


-12 


MIN. 


MAX. 


MIN. 


MAX. 


tscc 


Serial clock cycle time 


30 




40 




ns 




tSCA 


Access time from SC 




30 




40 


ns 


9 


tSEA 


Access time from SE 




30 




40 


ns 


9 


tSP 


SC pulse width 


10 




10 


- 


ns 




tSCP 


SC precharge time 


10 


- 


10 


- 


ns 




tSOH 


Serial data-out data hold time 




- 


10 


- 


ns 




tSEZ 


SE to serial output buffer turn-off 
delay 


0 


25 


0 


25 


ns 




tsis 


JCI lul VJ O CO 1 1 1 DCt I U 11 1 1 1 C 


0 




0 




ns 




tSIH 


^pri^l rl^tA-in hrtlH timp 
jci ten viola 111 iivhu Liiiicr 


1 5 




20 




ns 




tDTS 


RAS to DT set-up time 


0 




0 




ns 




tRDH 


t\Aj lo u i noia lime irvcau uansTer 
cycle) 


80 




1 00 




ns 




tDTH 


RAS to DT hold time 


15 


- 


15 


- 


ns 




tCDH 


CAS to DT hold time 


30 


- 


40 


- 


ns 


11 


tSDD 


Last SC to DTdelay time 


10 


- 


10 


- 


ns 




tSDH 


DT to 1st SC hold time 


10 


- 


10 


- 


ns 




tDTR 


DT to RAS hold time 


10 




10 




ns 




tRSD 


RAS to 1st SC delay 


85 




105 




ns 




tCSD 


CAS to 1st SC delay 


35 




45 




ns 




tMWS 


RAS to WE set-up time 


0 




0 




ns 




tMWH 


RAS to WE hold time 


15 




15 




ns 




tMS 


RAS to mask data set-up time 


0 




0 




ns 




tMH 


RAS to mask data hold time 


15 




15 




ns 




tSRZ 


RAS to serial output buffer turn-off 
delay 


10 


50 


10 


60 


ns 




tSRS 


RAS to SC set-u p ti me 


30 


- 


40 


- 


ns 




tSRD 


RAS to SC delay 


25 


- 


30 


- 


ns 




tSID 


RAS to serial data-in delay 


50 


- 


60 


- 


ns 




tSZD 


Serial data-in to DT delay 


0 




0 




ns 




tES 


RAS to SE set-uptime 


0 




0 




ns 




tEH 


RAS toUFhold time 


15 




15 




ns 




tsws 


Serial write enable set-up time 


0 




0 




ns 




tSWH 


Serial write enable hold time 


30 




40 




ns 




tswis 


Serial write disable set-up time 


0 




0 




ns 




tSWIH 


Serial write disable hold time 


30 




40 




ns 




tDLZ 


DT to serial data-out delay 


5 




10 




ns 
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NOTE 

1 . It is measured between Vn-i(min) and V jL (max). 

2. Measured with a load circuit equivalent to 1 0OpF and 2TTL 

3. tOFF(max) and tOEZ(max) define the time at which the output achieves the high 
impedance state (lout ± 1 0uA) and are not referenced to VoH(min) or V 0 L(max) 

4. Either tRRH or tRCH must be satisfied for a read cycle. 

5. Measured from the CAS falling edge when the cycle is early write and measured from 
the WE falling edge when read-modify-write. 

6. tWCS, tWH, tCWD, tRWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tWCS^ tWCS(min) and 
tWH^tWH(min), the data out pin will remain open circuit(high inpedance) through the 
entire cycles ; If tCWD^tCWD(min), tRWD^ tRWD(min) and tAWD ^ tAWD(min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. 
If neither of the above sets of conditions is satisfied, the condition of the data out is 
indeterminate. 

7. tRCD(max) is specified as a reference point only. When tRCD is less than tRCD(max), 
access time is tRAC. When tRCD is greater than tRCD(max), access time is tRCD + tCAC. 

8. tRAD(max) is specified as a reference point only. When tRAD is less than tRAD(max), 
access time is tRAC(max). When tRAD is greater than tRAD(max), access time is 
tRAD + tAA. 

9. Measured with a load equivalent to 50pF and 2 TTL. 
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TIMING DIAGRAM 
Read cycle 



tRC 



*rp 





: Indicate the don't care condition 
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Write cycle (Early Write) 



RAS 



CAS 



A0-A8 



WB/WE ^ IH -^ 



V IL - 




W0/IO0- V, H - 
W3/I03 V, L . 



*DHR 



{ *1) ) ^ VALID DATA-IN ^ 



OPEN 



: Indicate the don't care condition 



*1) l/O0-3 = "H": Non masked 
l/OO - 3 = "L" : Masked 
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Write cycle (DT/OE Control Write) 



-■ ASMP MSM514252I 



RAS 



V| H -- 
V|L~ 



X 



Jar 



kSH 



tRCD 



A0-A8 



iBlbL 



tCRP> 



V 



W0/IO0- V,H— - 
W3/I03 V, L _ 




: Indicate the don't care condition 



*1) l/OO - 3 = " H " : Non masked 
l/OO - 3 = "L" : Masked 
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Read Modify Write cycle 



tRMW 



RAS 



CAS 



A0-A8 



V, H - 

V, L - 

V| H - 

V, L - 

V, H - 



WB/WE ' H 



V| H 

DT/OE ^ 



W0/IO0- v i/OH — 
W3/I03 v i/ol — 




: Indicate the don't care condition 



*1) l/O0-3 = "H": Non masked 
1/00-3 = "L" : Masked 
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Fast Page Read cycle 



A0-A8 ;, ,H - 



WB/WE 



DT/OE 



W0/IO0- Vqh — 
W3/I03 V 0L — *" 




VALID V_ 
>ATA-OUT : < 



tCLZ 



: Indicate the don't care condition 
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Fast Page Write cycle (Early Write) 




*1) l/OO- 3 = "H": Non masked 
I/OO - 3 = "L" : Masked 
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Fast Page Read Modify Write cycle 



RAS 



CAS 



A0-A8 



DT/OE 




wb/we v l"_j £ *D j ) 



W0/IO0- V,/0 H — r 4 

W3/I03 V,/0 L _— {. *D p 




: Indicate the don't care condition 
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RAS Only Refresh 




CAS Before RAS Refresh 



RAS 



CAS 



V,.- 



V,h- 



■ tRPC > 



kSR 



*RAS 



tRP 



tRP^ 



*CHR 



kPN 



V 



tOF 



W0/IO0- Vqh— " 
W3/I03 Vql — 



High-Z 
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Hidden Refresh cycle 



RAS 



V| L - 



V 




*ASR 



A0-A8 V|L . 



Ur 



*RCP 



*ASC 



ROW 
:ADD: 



j l RCS i 



WB/WE 



*DTS 



DT/OE 



\ 



tRSH 



*CAH 



t-RAL 



s. 



COLUMN 
ADDRESS 



^DTH 



W0/IO0- V 0 H — _ 

W3/I03 v OL — 



*RAC 



tROt 



jCAC 



t RAS 



kHR 



kRP 



■*RRH 




< tQ ^ > 



VALID DATA-OUT 



: Indicate the don't care condition 
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Read Transfer cycle (cycle-1) 



(When the pre' 
TheSE level is 



previous transfer cycle is a read transfer 



low 



RAS 



CAS 



Address 



WB/WE 



I/O 

(Output) 



I/O 

(Input) 



DT/OE 



SC 



Sl/O 

(Output) 

Sl/O 
(Input) 




tsp„ 



Valid 
Sout 



Valid 
Sout 



Valid 
Sout 



High-2 



Previous 
Row 



Valid 
Sout 



■ New Row 




: Indicate the don't care condition 



718 



Read Transfer cycle (cycle-2) 



ASMP MSM514252 




: Indicate the don't care condition 



: Indicate that the rising edge is 
prohibited 
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Write Transfer cycle 



RAS 



CAS 



V 



Address 



WB/WE 



DT/OE 



SE 



SC 



Sl/O 
(Input) 




Sl/O 

(Output) 



High-Z 



: Indicate the don't care condition 



: Indicate that the rising edge 
is prohibited 
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HH : Indicate that the rising edge is 
prohibited 



■ ASMPMSM514252I 

Serial Read cycle 



RAS 



55T M. 



DT/OE 



SE 



SC 

Sl/O 

(Output) , 



t D Ts"S; 



t RAS 



tpTH 



Jsp 



t S P 



Valid 



/ h A 
> 



I t S EZ 



tsp 



3^ 



tS0H 



Valid 



Valid 

: SpUt 



: Indicate the don't care condition 



Serial Write cycle 



RAS 



DT/OE 



SE 



SC 



*RAS 



gt-SWIH > 



.tscp. 







si/o 

(input) rwyy/fty^ 


Valid • 
; 5in ; 


*SI5 






: Indicate the don't care condition 
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PIN DESCRIPTION 

RAS (Row Address Strobe-input, active low) 

Depending on the states of CAS and DT/OE, RAS will clock an internal row address (when CAS 
before RAS mode) or external row address into the row decoder. RAS also selects the write-per 
bit and the data transfer mode. 

CAS (Column Address Strobe-input, active low) 

In the data transfer cycle, CAS will clock an external column address into the column decoder. 
The selected column address becomes the SAM start address. CAS is also used as a clock which 
controls RAM port output impedance. 

CAS will clock external column address into the column address decoder. 
WB/WE (Write Enable-input, active low) 

WB/WE is sampled when RAS falls and decoded in conjunction with DT/OE and CAS according to 
the Truth Table. When the WB/WE level is low at the RAS falling edge, the write-per-bit or 
write transfer cycle is selected. And when WB/WE level is high at the RAS falling edge, a 4-bit 
write to the RAM port or a read transfer cycle is selected. That is, if write-per-bit cycle is not 
selected then WB/WE functions as a normal write enable. 

DT/OE (Data Transfer/Output Enable-input, active low) 

The state of DT/oFis sampled along with WBAA/Fand CAS when RAS falls. The functions 
performed are shown in the Truth Table. When the DT/OE level at the RAS falling edge is low, 
the data transfer cycle is selected. And when DT/OE level is high, the read/write cycle is selected. 
During random access reads, DT/OE functions as the output enable pin. 

A0-A8 (Address inputs, active high) 

The MSM514252 employs an address-multiplexed-method which inputs the row addresses and 
the column addresses separately in order to select one word from the 256k words memory cells 
by using 9 address input pins. In the fast page mode, when the RAS level is low, column address 
specified by CAS enable 512 X 4 bits fast column access at a specified row address. In the data 
transfer cycle, the selected address input is also combined with the serial start address. 

IO0-IO3 (random access data Input and Output-bidirectional, three state) 

If the WB/WE level is low at the RAS falling edge then high level on IO0-IO3 enables data to be 
written to the enabled locations ; write-per-bit cycle. IO0-IO3 also serve as the data I/O pins for 
the random access port. 

SC (Serial Control-input, active high) 

Each SC rising edge starts the serial access. In the serial read cycle, the rising edge clocks four 
bits data from the serial data register to the output pins if DT/OE is active. In the serial write 
cycle, the rising edge clocks four bits data from serial data input pins to the serial data register. 
If the DT/OE level is high, the SC signal is ignored. 

SE (Serial Enable-input, active low) 

SE enables serial input/output. When the SE~ level is high at the RAS falling edge, the cycle is 
pseudo-write data transfer cycle. When the SE level is low at the RAS falling edge, the cycle is 
write data transfer cycle. 

SIO0-SIO3 (Serial access data Input and Output-bidirectional, three state) 
Serial data appears if SE is active, otherwise they are high impedance. 
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FUNCTION 

RAM Port Operation 

The row address is specified by the RAS clock. The MSM5 14252 has a fast page mode capability 
so that when the CAS clock is activated, column data can be read/written continually. 

The MSM5 14252 read/write cycle is set up by maintaining the DT/5F level high, while the RAS 
clock is falling. Data is read out when the DT/OE level is low and is written when the WB/WE 
level is low. 

In the fast page mode cycle, when the RAS level is low, the column data in one specified row can 
be read/write continually according to the column address specified by CAS. 

When the WB/WE clock falls before the CAS falling edge, it becomes an early write cycle. When 
the WE clock falls after the CAS falling edge, it becomes a late write cycle. 

In the random write cycle, the write-per-bit function is available. 

SAM Port Operation 

The data transfer cycle is set up when the DT/OE level is low at the RAS falling edge. A read data 
transfer cycle is performed when WB/WE is high. A write data transfer cycle is performed when 
WB/WE is low. 

In the data transfer cycle, the row/column addresses are specified by the RAS/CAS clocks, then 
the row address selects one row of RAM memory array and the column address selects the serial 
access start address. 

• In the cycle which begins when the DT/OE level is high at the RAS falling edge, RAM and SAM 
are accessed independently. At the time, if the DT/OE level is low, the data transfer between 
RAM and SAM occurs. 

In one data transfer cycle, 512 X 4 bits data are transferred between the serial data register and 
any rows in the RAM array. 

• The data transfer direction is selected by the WB/WE level at the RAS falling edge. 

From RAM to SAM (Read Data Transfer) : WB/WE = "H" 
From SAM to RAM (Write Date Transfer) : WB/WE = "L" 

• Transfer cycle decides the following serial access cycles. 

Read data transfer > Serial read cycle 

Write data transfer > Serial write cycle 

(Pseudo write data transfer > Serial write cycle) 

• No data transfer occurs from serial data register to RAM array when the SE level is high at the 
RAS falling edge in the write data transfer cycle. The data transfer is referred to as a pseudo 
write data transfer. 

• During a read data transfer, a high speed data transfer execution is started at the DT/OE rising 
edge. 
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REFRESH OPERATION 

Three operation methods for refreshing the MSM514252 dynamic RAM cells are available to 
users. The refresh operations on all 51 2 row addresses are required in every 8 ms. 

• RAS Only Refresh 

RAS only refresh is similar to a read cycle using any row address, except that CAS is high 
throughout the cycle and no column address is required. All the column data in the designated 
row address are refreshed simultaneously. 

• CAS Before RAS Refresh 

CAS before RAS refresh uses an internal 9 bits refresh counters as the row address specifying the 
row to be refreshed. One CAS before RAS cycle increments an internal refresh counter one 
address. The refresh counter will be incremented each subsequent CAS before RAS cycle. 

• Hidden Refresh 

Hidden refresh is similar to CAS before RAS refresh, except that the CAS level and the DT/Ol" 
level remain low. The data which was read in the previous cycle is held throughout the refresh 
period. 

DATA TRANSFER OPERATION 

• Read Data Transfer 

Depending on the states of the DT/OE and WB/WE level at the RAS falling edge, (see the Truth 
Table) the Read Data Transfer Cycle is selected. The column data of one row designated by the 
row address are transferred to the serial shift data register. 

At the same time, the decoded column address is set to the secondary serial register or serial 
address selector, which determines the serial read start address. This function is referred to as 
the pointer control. After the data transfer, every SC rising edge enables a serial data output 
and the serial address selector moves into the next bit. 

As the serial address selector is cyclical in nature, the same data from the start address is output 
again when the SC clock is input more than 5 1 3 times. 

SE controls the serial output buffers. When the SE level is low, the serial register data are 
output. When the SE level is high, the SIO0-SIO3 are at high impedance. The serial address 
selector has no relation with the SE level and shifts one bit at every SC rising edge. 

Serial read data transfer can be done when SAM is in operation. That is the data from different 
rows can be continuously output. This operation is referred to as the Real Time Data Transfer. 

• Write Data Transfer 

Depending on the states of the DT/OE] WB/WE and SE level at the RAS falling edge, (see the 
Truth Table) the Write Data Transfer Cycle is selected. The data on the serial data registers are 
transferred to the one row of RAM array which is designated by the row address. 

At the same time, the decoded column address is set to the secondary serial register or serial 
address selector, which determines the serial write start address. After the data transfer, every 
SC rising edge enables a serial data input and the serial address selector moves into the next bit. 
The data input to the SIO0-SIO3 pins are written into the serial data register of SAM. 
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SE* controls the serial input buffers. When the SE level is low, the input data are written into 
SAM. The serial address selector is not related to the SE level and shifts one bit at every SC rising 
edge. So when the SE~ level is high, the SC clock only shifts the serial address selector without 
writing the data in SAM. 

• Pseudo Write Transfer 

Depending on the states of the DT/OE, WB/WE"and"SE level at the RAS falling edge, (see the 
Truth Table) the Pseudo Write Data Transfer Cycle is selected. The operation is the same as the 
write data transfer operation except for the fact that the data on the serial data register are not 
transferred to the RAM array. The row address which is input is ignored. 

When the mode changes from serial read to serial write, a pseudo write transfer is used so that 
the one row data of RAM designated by the row address are not destroyed and are also used to 
change the mode of the serial port. 

The difference between the read transfer and the write/pseudo-write transfer is that the write 
transfer and pseudo transfer cannot be done while SAM is operating. 

POWER ON 

An initial pause of 500 jisec is required after power-up followed by any 8 RAS or RAS/CAS cycles 
before proper operation is achieved. Note that RAS may be cycled during the initial pause. And 
RAS or RAS/CAS cycles are required after prolonged periods (greater than 8msec) of RAS 
inactivity before proper device operation is achieved. 

After the above operation, prior to the SAM operation, the serial access mode must be selected 
by performing a data transfer cycle. 



TRUTH TABLE (Mode Selection) 



Input pin state at RAS falling 


RAM 


RAM 


SAM 


DT/OE 


WB/WE 


SE 


I/O0-3 


Bit Mask 


SI01-3 


H 


X 


X 


X 


READ 






H 


X 


X 


X 


WRITE 






H 


L 


X 


H 


Write-Per-Bit 


Non Masked 




H 


L 


X 


L 


Write-Per-Bit 


Masked 




L 


H 


X 


X 


Read Transfer 




Output Mode 


L 


L 


L 


X 


Write Transfer 




Input Mode 


L 


L 


H 


X 


Pseudo Write Transfer 




Input Mode 
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OKI semiconductor 

MSM51C262 

High Performance Low Power 64K x 4 Multi-port Memory with Fast 
Page Mode 



DESCRIPTION 

The OKI MSM51C262 is a high speed 65,536x4 bit multiport CMOS dynamic memory. 
The two ports, random access and serial access, are configured to offer optimum flexibility in 
graphics and other systems that require an interface between a processor and a high speed 
ser ial data channel such as a CRT or graphics display device. 

The organization of the random access port of the MSM51C262 is exactly like, a 64Kx4 
CMOS DRAM. Additional functions such as transfer between RAM and SAM utilize otherwise 
unused states of the CAS, "dt/OE, WB/WE and~SE signals sampled at the falling edge of RAS at 
the beginning of a cycle. 

The Serial Access Memory (SAM) is.organized as 256x4 bits that can be read or written at 
high speed. The contents of the SAM can be loaded into RAM, and the contents of a selected 
RAM row (256x4) can be loaded into SAM. Except when transferring data between one 
another, the SAM and RAM operate in an asynchronous manner. The transfer from RAM to 
SAM or SAM to RAM also refreshes the transferred row in the RAM. 

In a RAM to SAM load cycle, 8 bits are needed to specify which of the 256 rows is to be 
transferred. The state of the address lines at the falling edge of CAS is used to specify the 
starting point in the SAM where data is to be written or read. The static mechanization of the 
SAM (allowed by CMOS) does not require refreshing. The first access to SAM, either read or 
write, will be to the location specified at CAS time in the previous cycle, and subsequent 
accesses will continue in an increasing address direction, module 256. 

The MSM51C262 is processed utilizing OKI's CMOS silicon gate process technology. 
This advanced CMOS processing allows memory devices to be fabricated with lower operating 
current and higher performance than comparable NMOS designs. All I/O signals are TTL 
compatible. Input and I/O capacitances are significantly lowered to enhance system 
performance. 
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FEATURES 

■ Low power dissipation for MSM51C262-12 

• RAM Port operating alone - 50 mA 

• SAM Port operating alone - 35 mA 

• RAM/SAM operating 5 together - 85 mA 

■ Low CMOS standby current - 6 mA 

■ Fast Page Mode access, RAS-only refresh, and CAS-before-RAS Refresh capability 

■ Bi-directional data transfer between RAM and SAM with real-time operation. 

■ Bit-masked Write function on RAM port for additional flexibility. 

■ 256 Refresh cycle/4 ms. 

■ Standard package is 24 pin 400 mil Plastic ZIP. 



High performance MSM51C262 


-80 


-10 


- 12 


Max. RAS Access Time (t RA c) 


80 ns 


100 ns 


120 ns 


Max. Column Address Time (tcAA) 


40 ns 


45 ns 


55 ns 


Min. Fast Column Mode Cycle Time (t P c) 


55 ns 


60 ns 


70 ns 


Min. Read/Write Cycle Time (t RC ) 


145 ns 


175 ns 


205 ns 


Min. Serial Port Cycle Time (t$cc) 


30 ns 


35 ns 


40 ns 
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24 LEAD PLASTIC ZIP PIN CONFIGURATION 



Top View 











W2/I02 


~~ i I 








, I 2 


VVylUj 


cc 
jt 






SI0 2 


SKJ3 










Vss 


SC 


7 I .. 


. I 8 


SIOq 


SIO, 


9 I 




I 10 


DT/OE 


W 0 /IO 0 


11 I . 


, I 12 


W,/IO, 


WB/WE 


13 I ...... 


, I 14 


RA5 


A 6 


15 I . 


. I 16 


A 5 


A 4 


17 I . 




I 18 


Vcc 


A 7 


19 I , 




1 Lifi- 


A3 


A 2 


21 








I 22 


A1 


A 0 








I 24 


CAS 



BLOCK DIAGRAM 



PRE- 
DECODER 



ADDRESS 
POINTER 



COLUMN 
DECODER 



ROW 
DECODER 



3L 



256x4 
DATA REGISTER 



<=> 



1024 COLUMNS 
(256x4) 

25S 256K 
255 MEMORY 

ROWS ARRAY 







W 0 /IO„ 






I/O 




W,/IO, 


BUFFER 








w 2 /io 2 






W3/IO3 












RAS 






caT 


CONTROL 




wb/we 


TIMING 




SC 






sF 






DT/OE 



SERIAL DATA 
SELECTOR 



SERIAL I/O 




BUFFER 













sio 0 

SIO, 
SI0 2 
SIO, 
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Absolute Maximum Ratings* 



Rating 


Value 


Unit 


Ambient Temperature Under Bias 


Oto 70 


°C 


Storage Temperature (plastic) 


- 55 to + 1 25 


°C 


Voltage on any Pin Except V cc Relative to V$$ 


- 1.0 to +7.0 


V 


Voltage on Vcc Relative to V s $ 


- 1.0 to +7.0 


V 


Data Output Current 


50 


mA 


Power Dissipation 


1.0 


W 



* Note: Operation at or above Absolute Maximum Ratings can adversely affect device 
reliability. 



AC Test Conditions 



Conditions 


Value 


Unit 


Input Rise Levels 


Oto 3.0 


V 


Input Rise and Fall Times 


5 between 0.8 V and 2.4 V 


ns 


Input Timing Reference Levels 


0.8 and 2.4 


V 


Output Timing Reference Levels 


0.8 and 2.4 


V 


Output Load (RAM Port) 


2TTL(and 100) 


pF 


Output Load (SAM Port) 


2TTL(and 50) 


PF 



CAPACITANCE* 

T A = 25°C, V CC = 5V± 10%,V SS = 0V 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


C|N1 


Address Input Capacitance 




5 


PF 


C|N2 


RAS, CAS, WB/WE, SE, SC, DT/OE Capacitance 




8 


PF 


C OUT 


I/O Capacitance 




7 


pf 



* Note: Capacitance is sampled and not 1 00% tested. 
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DC Characteristics (1) 

(T A = 0°C to 70°C, V cc = 5 V ± 1 0%, V ss = 0 V, unless otherwise specified.) 



Symbol 


Parameter 


Access 
Time 


V53C261 


Test Conditions 


Notes 


min. 


max. 


Unit 


"li 


Input Leakage Current, 
(any input pin) 




-10 


10 


uA 


V SS <V IN <V CC 




'lo 


Output Leakage Current, 
(for Hige-Z State) 




-10 


10 


uA 


Vss<Vout<Vcc_ 
RAS,CASandSEatV IH 




>CC1 


V cc Supply Current 


80 




70 


mA 


RAS/CAS Cycling, SAM port 
TTL Standby 
t RC (min.),SC = V lL 


2,3 


100 




60 


120 




50 


'CC2 


V cc Supply Current, 

TTI C + i n W,-Jw 

i i l Manooy 






8 


mA 


RAM/SAM ports TTL Standby 
BAQ rAC at\/ i/r»^»\/ 

SC = V IL 




>CC3 


V cc Supply Current, 
RAS-Only Refresh 






70 


mA 


RAS Cycling, CAS at V| H 
SAM port TTL Standby 
t RC (min.),SC = V IL 


2,3 


.100 




60 


120 




50 


'cC4 


V cc Supply Current, 
Page Mode Operation 


ou 




60 


mA 


RAS = V IL , CAS Cycling 
SAM port TTL Standby 
t PC (min.),SC = V IL 


2,3 


100 




50 


120 




40 


'CC5 


V cc Supply Current, 

CAS-before-RAS 

Refresh 


80 




70 


mA 


RAS/CAS Cycling, 
SAM port TTL Standby 
t RC (min.),SC = V lL 


2,3 


100 




60 


120 




50 


<CC6 


V cc Supply Current, 
RAM/SAMTransfer 
Mode 


80 




75 


mA 


RAS/CAS Cycling, SAM port 
TTL Standby 
t RC (min.),SC = V lL 


2,3 


100 




65 


120 




55 


>CC7 


V cc Supply Current, 
Both Ports Active 


80 




120 


mA 


RAS/CAS Cycling, SAM port 
Active 

t RC (min.),t scc (min.) 


2,3 


100 




100 


120 




85 


'CC8 


V cc Supply Current, 
SAM Only Operation 


80 




50 


mA 


RAS/CAS atV IH , l/0>V ss 
SAM port Active 
t scc (min.) 


2 


100 




40 


120 




35 


'CC9 


V cc Supply Current, 
RAS-Only Refresh and 
SAM Active 


80 




120 


mA 


RAS Cycling, CAS at V, H , 
SAM port Active 
t RC (min.),t scc (min.) 


2,3 


100 




100 


120 




85 


•ccio 


V cc Supply Current, 
Page Mode Operation 
and SAM Active 


80 




100 


mA 


RAS = V IL , CAS Cycling 
SAM port Active 
t PC (min.),t scc (min.) 


2,3 


100 




90 


120 




75 
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DC Characteristics (Cont'd) 



Symbol 


Parameter 


Access 
Time 


V53C261 


Test Conditions 


Notes 


min. 


max. 


Unit 


'ecu 


V cc Supply Current, 
CAS-before-RAS 
Refresh and SAM Active 


80 




120 


mA 


RAS/CAS Cycling, 
SAM port Active 
t RC (min.),t scc (min.) 


2,3 


100 




100 


120 




OJ 


'CC12 


V cc Supply Current, 
RAM/SAM Transfer 
Mode and SAM Active 


80 




125 


mA 


RAS/CAS Cycling, 
SAM port Active 
t RC (min.),t scc (min.) 


2,3 


100 




105 


120 




90 


'cci3 


V cc Supply Current, 
Both Ports CMOS 
Standby 


80 




6 


mA 


RAS,CAS,SE,WB/WE, 
DT/OE~>V cc -0.5 V 
SC<0.6V 




100 




6 


120 




6 


V, L 


Input Low Voltage 




- 1 


0.8 


V 






V,H 


Input High Voltage 




2.4 


Vcc 
+ i 


V 






Vol 


Output Low Voltage 






0.4 


V 


l OL = 4.2 mA 




V 0 H 


Output High Voltage 




2.4 




V 


l 0H = -2 mA 
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AC Characteristics (4, 5, 6) 

Read, Write, Read-Modify-Write and Refresh Cycles 

(T A = 0°C to 70°C, V cc = 5 V ± 1 0%, V ss = 0 V, unless otherwise specified.) 



# 


Symbol 


Parameter 


-80 


-10 


- 12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




t T 


Transition Time (Rise and Fall) 


3 


25 


3 


25 


3 


25 


ns 






t R , 


Refresh Interval (256 Cycles) 




4 




4 




4 


ms 




1 


t RC 


Read or Write Cycle Time 


145 




175 




205 




ns 




2 


^RAS 


RAS Pulse Width 


80 


37K 


100 


37K 


120 


37K 


ns 




3 


*RP 


RAS Precharge Time 


55 




65 




75 




ns 




4 


*CSH 


CAS Hold Time 


80 




100 




120 




ns 




5 


*CAS 


CAS Pulse Width 


25 




30 




35 




ns 




6 


*ASR 


Row Address Setup Time 


0 




0 




0 




ns 




7 


^RAH 


Row Address Hold Time 


15 




15 




15 




ns 




8 


^CRP 


CAS to RAS Precharge Time 


10 




10 




10 




ns 




9 


*RCD 


RAS to CAS Delay 


25 


55 


25 


70 


25 


85 


ns 


7 


10 


Use 


Column Address Setup Time 


0 




0 




0 




ns 




11 


*CAH 


Column Address Hold Time 


15 




20 




20 




ns 




12 


t RSH 


RAS Hold Time 


25 




30 




35 




ns 




13 


^DHS 


DT High Setup Time 


0 




0 




0 




ns 




14 


*DHH 


DTHigh Hold Time 


20 




20 




20 




ns 




15 


W 


Column Address Hold Time from RAS 


60 




70 




80 




ns 
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AC Characteristics (Cont'd) 
Read Cycle 



# 


Symbol 


Parameter 


-80 




10 




12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


16 


*RAC 


RAS Access Time 




80 




100 




120 


ns 


8,9 


17 


*CAC 


CAS Access Time 




25 




30 




35 


ns 


9,10,11 


18 


*CAA 


Column Address Access Time 




40 




45 




55 


ns 


9 


19 


t RCS 


Read Command Setup Time 


0 




0 




0 




ns 




20 


*RRH 


Read Command Hold Time 
RAS-Referenced 


5 




5 




10 




ns 


12 


21 


^-RCH 


Read Command Hold Time 
CAS-Referenced 


0 




0 




0 




ns 


12 


22 


t OAC 


OE Access Time 




20 




25 




30 


ns 


9 


23 


t H z 


OE or CAS to Output High-Z 




20 




25 




30 


ns 


13 


24 


t L Z 


OE or CAS to Output Low-Z 


0 




0 




0 




ns 




25 


*0H 


Output Hold Time from OE or CAS 


0 




0 




0 




ns 
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AC Characteristics (Cont'd) 
Write Cycle 



# 


Sym bol 


Parameter 


-80 


-10 


-12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


26 


*RWL 


Write Command to RAS Lead Time 


25 




30 




35 




ns 




27 


*CWL 


Write Command to CAS Lead Time 


25 




30 




35 




ns 




28 


t WP 


Write Command Pulse Width 


15 




20 




25 




ns 




29 


*WCS 


Write Command Setup Time 


0 




0 




0 




ns 


14 


30 


*WCH 


Write Command Hold Time 


15 




20 




25 




ns 




31 


t D s 


Data In Setup Time 


0 




0 




0 




ns 




32 


*DH 


Data In Hold Time 


15 




20 




25 




ns 




33 


*WBS 


Write Mask Setup Time 


0 




0 




0 




ns 




34 


twBH 


Write Mask Hold Time 


20 




20 




20 




ns 




35 


*WS 


Write Mask Select Setup Time 


0 




0 




0 




ns 




36 


*WH 


Write Mask Select Hold Time 


20 




20 




20 




ns 




37 


*0EH 


OE Hold Time Referenced to WE 


10 




10 




15 




ns 




38 


*wcr 


Write Hold Time from RAS 


65 




80 




95 




ns 




39 


*DHR 


Data Hold Time from RAS 


65 




80 




95 




ns 




Read-Modify-Write Cycle 


# 


Symbol 


Parameter 


-80 


-10 


-12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


40 


*RWC 


Read-Modify-Write Cycle Time 


205 




245 




285 




ns 




41 


*RRW 


RMW Cycle RAS Pulse Width 


140 


37K 


170 


37K 


200 


37K 


ns 




42 


^CRW 


RMW Cycle CAS Pulse Width 


85 




100 




115 




ns 




43 


*RWD 


RAS to WE Delay 


110 




135 




160 




ns 


14 


44 


t CWD 


CAS to WE Delay 


55 




65 




75 




ns 


14 


45 


^AWD 


Column Address to WE Delay 


70 




80 




95 




ns 




46 


X OED 


OEto Data In Delay Time 


20 




25 




30 




ns 
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AC Characteristics (Cont'd) 
Fast Page Mode Operation 



# 


Symbol 


Parameter 


-80 




10 




12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


47 


tpc 


Page Mode Cycle Time 


55 




60 




70 




ns 




48 


t C p 


CAS Precharge Time 


15 




20 




25 




ns 




49 


*CAP 


Access Time from Column Precharge 




50 




55 




65 


ns 


15 



CAS-before-RAS Refresh Cycle 





Symbol 


Parameter 




80 




10 




12 


Unit 


Notes 


# 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


50 


*CSR 


CAS-before-RAS Refresh Setup Time 


10 




10 




10 




ns 




51 


tcHR 


CAS-before-RAS Refresh Hold Time 


25 




25 




25 




ns 




52 


Wc 


RAS Precharge to CAS Active Time 


0 




0 




0 




ns 
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AC Characteristics (Cont'd) 

Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 



ft 


Symbol 


Parameter 


-80 


- 10 


-12 


Unit 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


53 


tscc 


Serial Clock Cycle Time 


30 




35 




40 




ns 




54 


tsCL 


SC PrechargeTime 


10 




10 




10 




ns 




55 


t SOO 


SE to Serial Out Setup Time 


0 




0 




5 




ns 




56 


^OH 


Serial Out Hold after SC High 


0 




0 




5 




ns 




57 


t SCA 


Serial Output Access Time from SC 




25 




30 




35 


ns 


16 


58 


*SOA 


Serial Output Access Time from SE 




20 




25 




30 


ns 


16 


59 


t SOZ 


Serial Output Disable Time from SE High 




15 




20 




25 


ns 


13 


60 


t SCH 


SC Pulse Width 


10 




15 




15 




ns 




61 


^OE 


SE Pulse Width 


10 




10 




10 




ns 




62 


^OP 


SE PrechargeTime 


10 




10 




10 




ns 




63 
—4— 


t DLS 


Transfer Command to RAS Setup Time 


0 




0 




0 




ns 




I 


^■RDH 


Transfer Command to RAS Hold Time 


60 




75 




90 




ns 




65 


*CDH 


Transfer Command to CAS Hold Time 


20 




25 




30 




ns 




66 


^SDD 


SC to Transfer Command Lead Time 


10 




15 




20 




ns 




67 


*SDH 


SC Hold Time after^T High 


10 




10 




10 




ns 




68 


tszs 


Serial Data Input to DTHigh Delay Time 




0 




0 




0 


ns 




69 


^DTP 


DT Precharge Time 


20 




25 




30 




ns 




70 


^TRP 


DTto RAS Precharge Time 


65 




75 




85 




ns 




71 


*SWS 


Serial Write Enable Setup Time 


10 




10 




10 




ns 




72 


*SWH 


Serial Write Enable Hold Time 


10 




15 




20 




ns 




73 


*SWIS 


Serial Write Disable Setup Time 


10 




10 




10 




ns 




74 


*SWIH 


Serial Write Disable Hold Time 


10 




15 




20 




ns 




75 


*SRS 


SCto RAS Setup Time 


15 




20 




20 




ns 
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AC Characteristics (Cont'd) 

Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 



# 


Symbol 


Parameter 


-80 


-10 


-12 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


76 


t E s 


Pseudo Transfer Command (SE) to 
RAS Setup Time 


0 




0 




0 




ns 




77 


t E H 


Pseudo Transfer Command (SE) to 
RAS Hold Time 


20 




20 




20 




ns 




78 


tsis 


Serial Data In SetupTime 


0 




0 




0 




ns 




79 


tsiH 


Serial Data In Hold Time 


10 




10 




10 




ns 




80 


t SDS 


SCto"DT~High SetupTime 


0 




0 




0 




ns 




81 


*SCR 


SCto RAS Precharge Setup Time 


0 




0 




0 




ns 





Notes: 

1 . All voltages are referenced to V$s. An initial pause of 200 ps is required after power up 
followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RAS clock e.g. RAS-only refresh). Eight initialization cycles are required 
after extended periods of bias without clocks (greater than 4 ms). 

2. Ice is dependent on output loading when the device output is enabled. Ice (max.) is 
measured with all outputs open. 

3. Ice is dependent on the number of address transitions while CAS is at V| H - Specified Ice 
(max.) is measured with a maximum of two transitions per address input per random 
cycle and one transition per address cycle in Fast Page Mode. 

4. All voltages are referenced to V$$. V| H (min.) and V| L (max.) are the reference levels for 
measuring input signal timing. Transition times are measured between V| H (min.) 
and V| L (max.). 

5. An initial pause of 200 \is and 8 RAS-containing cycles are required when exiting an 
extended period of bias without clocks or upon Power Up. An extended period of time 
without clocks is defined as one that exceeds the specified Refresh Interval. 

6. AC characteristics assume tj = 5 ns. All AC measurements are made with a load 
equivalent to two TTL inputs and either 50 or 1 00 pF in parallel. Vil (min.) > V$s and V )H 
(max.) < Vcc- 

7- tRCD (max.) is for reference only. t R cD (min.) = tRAH (min.) + 2tj + t A $c (min.). 

8. Assumes that t R cD < tRCD (max.). If t R co > t R cD (max.), t RA c will increase by the amount 
that t RC D exceeds t R cD (max.). 

9. Measured with a load equivalent to 2 TTL loads and 100 pF in parallel. 
1 0. Assumes t RC D > t R cD (max.). 
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11- If^ASC < (^caa (max.) - t^AC (max.) — tj), access time is defined by t CAA rather than tcAG 

1 2. Either t R cH or t RRH must be satisfied. 

13. An output disable time defines the time when the output reaches the open-circuit 
condition and is not referenced to output voltage levels. 

14. t wcs , t R wD and tcwD are specified for reference only. If t W cs > *wcs (min.) f the cycle is a 
CAS-controlled write cycle (Early Write), and the DQ pins will be at High-Z during the 
entire cycle. If tcwD > *cwd (min.), and t R wD > *rwd (min.), the cycle is a Read-Modify- 
Write cycle, and the DQ pins will reflect the data read from the addressed location. 
If any of the above conditions is not satisfied, the condition of the Data Out pins will be 
indeterminate. 

1 5. Access time is determined by the longest of tcAA/ *cac ana " *cap- 

1 6. Measured with a load equivalent to 2 TTL loads and 50 pF in parallel. 
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TIMING CHART 

Read Cycle 



V|L b- 



V, L - 



Ao~A 7 



V.H- 



W/IO 
(OUTPUTS) 



Voh c 

V0L d ~ t DH S 




Notes: 
a,b: 
c,d: 
e: 
f: 

g-- 

h: 



Vih- 
V 1L " 



V|h (min.) and V| L (max.) are reference levels for measuring timing of input signals. 
V OH (min.) and V 0 l (max.) are reference levels for measuring timing of Dqut- 
t LZ is referenced to the lesser of CAS, and OE low transition, 
tnz and tQH are referenced to one earlier of CAS or OE high transition. 

Transition is measured + 500 m V from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin 
equivalent). 



Either tRCH ort RRH must be specified. 



Write Cycle (Early Write) 



RAS 



CAS 



V,H" 



A 0 ~A 7 



V, H - 



WB/WE ' 

V|L ■ 



W/IO v, H - 

(INPUTS) V|L . 



W/IO Vqh - 
(OUTPUTS) Vql . 



t A SR — 



tRC 



kSH 



tRAS 



t A R 



Use 



ROW ADDRESS 



t WBS 



tDHS — 



Vih- 




[ tRSH * 



*CAH 



COLUMN ADDRESS 



• twBH 




twCH 



COLUMN 



tDHR 



r 



' tDHH 
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Write Cycle (Delayed Write) 



tRC 

kSH 




Read-Modify-Write Cycle 



t RW C 
*RWD 




^— t|_Z 
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Waveforms of Fast Page Read Cycle 



RAS 



CAS 



A0-A7 



WB/WE 



' *RAS ' 



Wi/IO V OH - 
(OUTPUTS) Vql _ 



DT/OE V OH 

Vol - 




Waveforms of Fast Page Mode Write Cycle 




Wi/IO V OH - 
(OUTPUTS) Vql _ 
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RAS-Only Refresh Cycle 



t RC 





Hidden Refresh Cycle 



READ CYCLE >- ■< HIDDEN REFRESH CYCLE 
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CAS before RAS Refresh Cycle 



V,H~ 



V.u - 



Wi/IO V, H - 
(INPUTS) V|L _ 



- tRp ■ 



• tRPC 



■t CP 



-t RC 



" tRAS • 



• kHR 



Aq~A7 = Don't care 
DT/OE = Don't care 
WB/WE = Don't care 



Read Transfer Cycle (RAM -> SAM) Serial Read Setup* 




A 0 -A 7 



V, H - 

WB/WE , 



DT/OE V ' H " 



Wi/IO V 0H - 
(OUTPUTS) v 0L - 

ST V 'H" 
V| L ~ 



HIGH Z 



SC 



V| H - 



SIO V OH - 
(OUTPUTS) Vql - 



SIO V lH - : 
(INPUTS) V|L _ i 



HIGH Z 



tsoA - 
tsoo • 



t$DH - 
tsCL" 



• tsCA 



tszs 




1 



tsoz 



DATA 
VALID V 



Note: * In the case that the previous transfer is write transfer. 
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Read Transfer Cycle (RAM -> SAM) 



RAS 



A 0 ~A 7 



DT/OE 



Vil • 



V| H - 



V| H - 



V| H - 



Wi/IO v 0H - 
(OUTPUTS) Vql . 

sT V 'H _ 

VlL - 



V| H - 




SIO V 0H " 
(OUTPUTS) v 0L - 



■ tscc • 



, *SCH 



■ tsCL 



■ *SCA • 



tSDO 



- *SDH - 



*SCH 



: tsCA — 



DATA VALID* 



- NEW ROW DATA 



* Note: If SE is "H" level the serial input data are not written into the data register, but the serial data selector continues to function. 
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Write Transfer Cycle (SAM -> RAM) 



V,H- 
V IL - 



A A V|H " 

Ao ~ A7 v lL - 



V, H - 



V| H " 

DT/OE 4 , 

Wi/IO V 0H ' 
(OUTPUTS) VoL . 



Vil • 



SC 



V|H" 




SIO V 0H - 
(OUTPUTS) v 0L " 





~* t S is *- 


















I ■ \ 

DATA VALID* 

^ 7 



















* Note: If SE is "H" level the serial input data are not written into the data register, but the serial data selector continues to function. 
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Pseudo Write Transfer Cycle Serial Write Setup 



tRC 




(INPUTS) v "_ OATAVAUO'I HIGH Z 

* Note: If SE is "H" level the serial input data are not written into the data register, but the serial data selector is worked. 
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Serial Write Cycle 



V| H - 



V 



f 




SlOi V| H 
(INPUTS) v lL 



Serial Read Cycle 



RAS 



V,H" 



~DT/OE~ V,H " 



V, L - 



7 



sc 



V|H- 



tsoz 



- tS0E - 



/ tsoz 



tscc ■ 



tsoo— >• 



tSCL 



SlOi V| H - 
(INPUTS) V|L _ . 



tsOA 



- tscc " 



tsCH - 
tS0H 



OUTPUT 
DATA 



tsCA 



- tscc - 



tsCH 
tS0H 



\ 



tSd 



OUTPUT 
DATA 



OUTPUT 
DATA 



tsCA 
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Bit Masked Write 



RAS 













CAS 






\ 


/ 












DT/OE 


J 


\ 




*1 








WB/WF 




/ \ 




/ 




*2 








Wq/IOi 


/ 


\ X 


EFFECTIVE 


X 




NON MASK 
*-> I 












y 


x - 


NON EFFECTIVE 


X 




*2 








W 2 /I0 2 


7 




EFFECTIVE 


X 


NON MASK 








W3/IO3 


"A 2 I / 

\ MASK / 

-V- 


X 


NON EFFECTIVE 


X 




SET MASK BIT 




BIT MASKED WRITE 





* 1 If WB/WE = "H" all 4 bits of data are written into RAM 

*2 W 0 ~ 3 /IO 0 ~3= "H" Non masked 
W 0 ~ 3 /IOo~3= "L" Masked 
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Serial Output Mode 



I REAL TIME TARNFER ' ' 

RAM— » SAM TRANSFER & START i RAM ^ SAM ON THE FLY 1 WRITE CYCLE I READ CYCLE 



RAS 



CAS 



~\ / i>r \ 



A 0 -A 7 3C) < ® ) ( 



SC 
SlOi 



:;;x>s< 



-SS- 

-ss- 
-ss- 



xxxzy.'zxz 



(™ s jTrLruiruijijmrLr^ 
oc<X)oooocxoxxxx 



DATA OUT 



. NEW DATA OUT 



FROM COLUMN "A" FROM COLUMN "B" 

*3 If SE goes "H" level SlOi enters the high impedance state, but the serial data selector continues to function. 
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Serial Input Mode 



SAM-SAM AT START 



| PSEUDO WRITE ! 



RAS 



WB/WE 



y 



y 



SAM-RAM (ROW R4) 



V 



sc 

SlOi 



-ss- 
-ss- 

-ss- 
-ss- 
-ss- 



-ss- 
-ss- 
-ss- 
-ss- 
-ss- 
-ss- 



><xx 



L 



yx 



ruiJijirLi Ln_n ss ru u~u 



<xx;xx>— cxxx> 



DATA OUT 

FROM COLUMN "A" 



. DATA IN FROM 
COLUMN "C" 



i SAM TO RAM TRANSFER 
' TO ROW R4 



'} 



DATA IN FROM COLUMN "D" 



*4 If SE goes "H" level SlOi input data is ignored, but the serial data selector continues to function. 
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FUNCTIONAL DESCRIPTION 

RAM Operation 

The MSM51C262 is a CMOS dynamic memory with 2 ports. One port, the RAM port, 
operates in the same way as the 64K x4 DRAM. The other port, the Serial Access Port (SAM), 
allows data to be either read from or written to the memory at very high data rates. 

The MSM51C262 reads and writes data via the RAM port by multiplexing a 16 bit address 
into an 8 bit row and an 8 bit column address. The Row Address Strobe (RAS) latches the row 
address on chip. The column address, however, flows through the internal column address 
buffer and is latched by the Column Address Strobe (CAS) signal. Because column access time 
becomes primarily dependent upon a valid column address rather than the falling edge of CAS, 
signal timing restrictions on CAS can be greatly loosened with no effect on access time. 

Memory Cycle 

A memory cycle is initiated by the falling edge of RAS. A memory cycle may not be ended or 
aborted prior to fulfilling the tRAs (min.) timing specification once it has been started. 
This precaution is necessary for proper device operation and integrity. A new memory cycle 
may not be started until the minimum precharge time t R p/tcp has been satisfied. 

Read Cycle 

A read cycle is a memory cycle in which data are retrieved from the memory array and 
presented on the Wi/IOi pins. Read cycles can take the form of single operations to a specific 
row and column address or page mode accesses to any of 256 column addresses within a single 
row. 

Write Cycle 

A write cycle is a memory cycle in which data supplied externally to Wi/IOi are written into 
the location in memory specified by the address. Using the masked write function, any 
combination of Wi/IOi lines may be written and the remainder ignored. Write cycles can take 
the form of single operations to a specific row and column address or page mode accesses to 
any of 256 column addresses within a single row. 

Refresh Cycle 

To retain the data in a MSM51C262 DRAM a refresh operation activating each of the 256 
row addresses must be performed at least once every 4 ms. Any operation such as read, write, 
RMW, RAS only cycle, CAS before RAS refresh cycle or transfer cycle refreshes the addressed 
row. 
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Fast Page Mode Operation 

Fast Page Mode permits an 256 columns of 4 bits within a selected row of the MSM51C262 
to be randomly accessed at a high data rate. After a normal cycle initiation, maintaining RAS 
low while performing successive CAS cycles retains the row address internally and eliminates 
the need to resupply it. The column buffer acts as a transparent latch data while CAS is high 
and, when CAS goes low, holds the addresses applied. Because of the transparent latches, the 
column address "flows through" and the read access begins upon stable addresses rather that 
the falling CAS edge. This eliminates t A sc and t T from the critical timing path and helps to 
speed up access while making operation simpler. 

During a Fast Page Mode operation, read, write, read-modify-write, or read write-read 
cycles are possible to random addresses within a selected row. Multiple operations to the same 
address are permitted as well as more than 256 accesses to any combination of addresses within 
the selected row. The only limiting factor to the number of such Page Mode accesses is 
consideration of refresh timing. Following the entry cycle into Page Mode, access time is tcAA 
or tcAp-dependent. If the column address is valid before or coincident with the rising edge of 
CAS, then tcAP is the access controlling parameter. If the column address is valid after the rising 
edge of CAS, access time is determined by tcAA- ' n both cases, the falling edge of CAS latches 
the address and enables the output buffers. 

With Fast Page Mode, very high sustained data rates can be achieved. The following 
equation can be used to calculate the data rate possible: 

Data Rate = ?f§- 

t RC + 255t PC 
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Mode Selection 



RAM Operation to be 
Performed 


SAM Mode to be 
Entered 


AControl Signals 
(Sampled at the falling edge of RAS) 


A 0 ~A 7 
Sample Time 


~CAS 


DT/OE 


WB/WE 


~SE 


W/IO 0 ^ 3 


RAS 


CAS 


Read 


Mode not affected 


H 


H 


X 


X 


X 


Row 


Column Add. 


Write 


Mode not affected 


H 


X 


X 


Row 


Column Add. 


Bit Masked Write 


Mode not affected 


L 


X 


H* 


Row 


Column Add. 


Mode not affected 


L 


X 


L* 


Row 


Column Add. 


RAM -> SAM Transfer 


Output Mode 


L 


H 


X 


X 


Row 


SAM Start** 


SAM ^ RAM Transfer 


Input Mode 


L 


L 


X 


Row 


SAM Start** 


Pseudo Transfer 


Input Mode 


L 


H 


X 


X 


SAM Start** 


CAS-before-RAS or 
Hidden Refresh 


Mode not affected 


L 


X 


X 


X 


X 


X 


X 



X = Don't care 



* The state of the W/IO lines is sampled at the falling edge of RAS to set the Write Bit Mask 
Register. If W/IO is high at the falling edge of RAS, no masking action is taken and the 
corresponding data bit will be subject to change by a write operation. If W/IO is low at the 
falling edge of RAS, the corresponding bit is masked and will not be altered by a write 
operation. 

** The 8 address signals, Aq to A 7/ are used to select the RAM row address that will be affected 
by a transfer to or from the SAM and the starting address for a SAM read or write 
operation. The falling edge of RAS strobes the row address, and the falling edge of CAS 
strobes the SAM starting address. 
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COMBINED RAM-SAM OPERATION 

Transfer 

The transfer operation of the MSM51C262 allows a row (256 bits) of data to be transferred 
between RAM and SAM in either direction. The signals and states that control the transfer 
operation are specified in the Mode Selection Table. 

To start a serial write operation, it is necessary to cause the SlOo to SIO3 pins of the SAM, 
port to be in a high-Z state. The pseudo write transfer cycle accomplishes this purpose and must 
be performed any time the SAM mode is to be changed from read to write. No data transfer 
takes place, but addresses are set up as in any other transfer cycle. A read transfer cycle 
(RAM to SAM) changes the mode from write to read. 



SAM OPERATION 

General 

The Serial Access Memory (SAM) of the MSM51C262 is organized as 256 words x 4 bits per 
word. It is possible to load the SAM from two sources: the RAM and the external serial I/O 
lines, SlOi. SAM has two operational modes, read and write (viewed externally). Mode changes 
were described in the previous section. 

When the SAM is in the read mode, data are first transferred from the RAM to SAM and 
then can be accessed serially via the SlOi lines beginning with any SAM address. The progres- 
sion of data output is from lower to higher numbered bits and addresses are module 256. 

When the SAM is in the write mode, data are captured into the SAM using the SlOi lines and 
can be written into a selected row in the RAM by a write transfer operation. 

Read/Write 

The SC pin is used as a 'shift clock' for the SAM port. Serial access is triggered by the rising 
edge of SC. When the SAM is in the write mode, the rising edge of SC causes data to be strobed 
into the selected cell of the SAM. In the read cycle, output data become valid after t$cA from 
the rising edge of SC and remain valid until the next cycle. The SAM address is automatically 
incremented by SC. 

The SE pin is used as an output/input enable pin for the SAM. It does not, however, gate 
the SC signal and the SAM address counter for read or write operations will continue to 
increment regardless of the state of SE. 
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Real-time Read Transfer 

The MSM51C262 offers real-time read transfer between RAM and SAM. By using this 
feature, a continuous data stream can be generated even if the row address must be changed. 
No loss of timing is caused by this transfer. The data transfer from the RAM to SAM is triggered 
by the rising edge of DT/OE after the RAS/CAS cycle has set up the data to be transferred and 
the start address. New row data is available for SAM output after DT/OE returns to a high state 
in compliance with specification parameters t$DD and t$DH- SC should be applied continuously 
and DT/OE timed from SC to achieve non-stop transfer. 

Write Transfer 

When the SAM has been placed into a write mode, and the required data have been 
captured via SlOi, the write transfer operation will cause the content of the SAM to be written 
into the selected RAM row. After the write transfer cycle has been completed, more data can 
be written to the SAM via SlOi. 

Power On 

After application of the V cc supply, an initial pause of 200 us is required followed by a 
minimum of 8 initialization cycles (any combination of cycles containing a RAS clock). Eight 
initialization cycles are required after extended periods of bias without clocks. An extended 
period of time without clocks is defined as one that exceeds the specified refresh interval. 
During Power On, the V C c current requirement of the MSM51C262 is dependent on the input 
levels of RAS and CAS. If RAS is Low during Power On, the device will go into an active cycle, 
and Ice will exhibit current transients. It is recommended that RAS and CAS track with V C c or be 
held at a valid V !H during Power On to avoid current surges. 
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OKI semiconductor 
MSM514201 



1,048,576-WORD x1 -BIT SERIAL REGISTER 

GENERAL DESCRIPTION 

MSM514201 is a serial register in 1,048,576 words x 1 bit configuration featuring medium speed 
operation with low power consumption. 

MSM514201 has a built-in internal address generator circuit allowing continuous serial read/write 
operation by single external clock input. The internal address is automatically incremented or 
decremented by one by read/write operation. Address increment or decrement can be selected by 
external input. 

Address designation in units of 1024 words in the direction of words is possible by an external 
serial address input. 

A refresh timer and refresh counter are built in to eliminate the need of the external refresh circuit 
and to realize low power ocnsumption. 

The standard 300 mil 18-pin plastic LCC is used as the package and the operating temperature 
range is between 0°C and 70°C. 

MSM514201 is best suitable for holding large capacity data with battery backup. As solid state 
recording and playback system can easily be realized by combination with OKI's voice synthesizer 
LSI, MSM6388. 

FEATURES 

• Configuration 

• Serial access operation 

• Low current consumption 

• Wide operating supply voltage range 

• Package 

• Refresh operation 

• Process 

PIN ASSIGNMENT (Top View) 



1 : Data input 

2 : Write enable 

3 : Test input 

4 : Chip select 

5 : No connection 

6 : Serial address data 

7 : Serial address strobe 

8 : Transfer address strobe 

9 : Power supply ( + 5V) 

10 : Test input 

11 : Test input 

12 : Test input 

13 : Read/write clock 

14 : No connection 

15 : Address up/down select 

16 : Test input 

17 : Data output 

18 : Ground (0V) 



1,048,576x1 bit 

Serial access time 3.0 u.s 

Serial read/write cycle time 4.0 jis 
100 uA max. (for data holding, V C c = 4.0V) 
Single 3.5 to 5.5V 
18-pin PLCC 

Self-refresh (refresh-free) 

1.2 u.m standard N well CMOS process 



WE DIN V ss DOUT 



TEST 
CS 
NC 
SAD 
SAS 



o 



TEST 
AU/D 
NC 

RWCK 
TEST 



TAS V cc TEST TEST 
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FUNCTIONAL BLOCK DIAGRAM 



SAD O- 



AU/D O- 



SA5 O- 

TesTq_ 



RWCK o- 



TESTq. 
TESTq. 

test"o— 



Sin 
Address 
Register 

Pout 



Timing 
Generator 



Refresh 
Timer 



-O TEST 
-O Vcc 



U/D 
X-address 
Counter 



Load 
Clock 



3 



Refresh 
Counter 



1,048,576 
Data Register 



— OK-decoder/sense Amp |<] — 



U/D 

Y-address Counter 
Reset Clock 



VBB 
Generator 



I/O 
Control 



Write 
Clock 
Generator 



ELECTRICAL CHARACTERISTIC 
Absolute Maximum Ratings 



Parameter 


Symbol 


Conditions 


Rating 


Terminal voltage 


v T 


Ta = 25°C, relative to V S s 


-1.0-7.0V 


Output short-circuit current 


los 


Ta = 25°C 


50 mA 


Power dissipation 


P D 


Ta = 25°C 


1W 


Operating temperature 


Top 




0~70°C 


Storage temperature 


Tstg 




-55~150°C 



Recommended Operating Conditions 



(Ta = 0~70°C) 



Parameter 


Symbol 


MIN 


TYP 


MAX 


Unit 


Terminal voltage 


Vcc 


3.5 


4.5 


5.5 


V 


Terminal voltage 


Vss 


0 


0 


0 


V 


"H" input voltage 


V| H 


V cc -0.5 


Vcc 


V cc + 0.5 


V 


"L" input voltage 


V|L 


-0.5 


0 


0.5 


V 
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DC Characteristics 

(V CC = 3.5V~5.5V, Ta = 0~70°C) 



Parameter 


Symbol 


Conditions 


MIN 


MAX 


Unit 


"H" output voltage 


V 0 H 


l 0H = -0.5mA 


Vcc-0.5 




V 


"L" output voltage 


Vol 


I 0 l = 0.5mA 




0.4 


V 


Input leakage current 


IlL 


V| = 0V~V cc 


- 1 


1 


uA 


Output leakage current 


lOL 


V o = 0V~V CC 


- 1 


1 


pA 


Supply current 
(in operating state) 


Icci 


V C C = 4V,t RC = 4us 




5 


mA 


Supply current 
(in standby state) 


ICC2 


V CC = 4V 




100 


uA 



AC Characteristics 



(V CC = 3.5V~5.5V, Ta = 0~70°C) 



Parameter 


Symbol 


MSM514201 


Unit 


MIN. 


MAX. 


Refresh cycle 


tREF 






ms 


Read/write cycle time 


*RWC 


4,000 




ns 


Access time 


Ucc 




3,000 


ns 


Output turn off delay time 


toFF 


0 


50 


ns 


Input signal rise/fall time 


tT 


3 


50 


ns 


RWCK precharge time 


*RWP 


1,000 




ns 


RWCK pulse width 


tRW 


3,000 


10,000 


ns 


SAS cycle time 


tssc 


100 




ns 


SAS pulse width 


*SAS 


50 




ns 


SAS precharge time 


tSAP 


50 




ns 


Address setup time 


tAS 


0 




ns 


Address hold time 


tAH 


50 




ns 


TAS setup time 


tATS 


50 




ns 


TAS to RWCK setup time 


tTRS 


50 




ns 


TAS pulse width 


^TAS 


50 




ns 
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AC Characteristics (Continued) 

(V CC = 3.5V~5.5V, Ta = 0~70°C) 



Parameter 


Symbol 


MSM514201 


Unit 


MIN. 


MAX. 


Read command setup time 


*RRS 


0 




ns 


Read command hold time 


tRRH 


JLDKJ 




ns 


Write command setup time 


twRS 


n 

U 




ns 


Write command hold time 


tWRH 


^n 




ns 


Write command pulse width 


twp 






ns 


Write command to RWCK lead 
time 


tRWL 


DU 




ns 


Data setup time 


tDS 


0 




ns 


Data hold time 


tDH 


50 




ns 


RWCK to WE delay time 


tRWD 


100 




ns 


AU/D setup time 


tllDS 


0 




ns 


AU/D hold time 


"tUDH 


50 




ns 


AU/D toTAS setup time 


tuDTS 


0 




ns 



Read/Write/Read Modify Write Cycle 
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Address Up/Down Select Mode 



cs 



SAS 



SAD 



TAS 




AU/D 



RWCK 



DOUT • 



-ft- 



-(xxxxh*- 



XnYO XnY1023 Xn+1Y1 

XnY1 Xn+1Y0 



-yr- 



UlfJUlT" 
-OOCXXK 



XmY1023 XmY1 Xm-1Y1023 

XmY1022 XmYO 



PIN FUNCTIONS AND OPERATION MODES 

Serial Address Input (SAD) 

Pin for inputting the read/write starting address-Designation in units of 1024 words is possible. 
The 1,024 address data can be input as 1 0-bit (A0-A9) serial data from the SAD pin. 

Serial address strobe (SAS) 

Pin for the clock used to store the serial address data into the internal register. 



Address transfer strobe (TAS) 

Input pin for setting the serial address data stored in the address register to the internal address 
counter. 

When the TAS falls, and the Y address is set to address 0 in the increment mode or to address 
1 023 in the decrement mode. 
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Read/write clock (RWCK) 

Input pin for the data register information read/write clock. 

Internal operation starts at the following edges of RWCK. The information in the data register 
is output to the DOUT pin in the read mode, and the information at the DIN pin is written into 
the data register in the write mode. The internal address counter is automatically incremented 
or decremented also when RWCK falls. 

Write enable (WE) 

Input pin for selecting the read mode, write mode or read modify write mode. 

The read mode is set when WE is "H", and the write mode is set when WE is "L". When WE falls 
from "H" to "L" while RWCK is active, the read modify write mode is set. 

Data input (DIN) 

Input pin for write data. 

The information at the data input pin is stored at the falling edge of RWCK in the write mode, 
and at the falling edge of WE in the read modify write mode. 

Data output (DOUT) 

The data output pin is always in kept in the high impedance state when RWCK or CS is kept at 
"H". When "H" or "L" information is read in the read operation, the output pin is set to "H" or 
"L" and holds the read information until RWCK is again set to "H". In the early write mode the 
output pin maintains the high impedance state, so I/O common operation by connecting DIN 
and DOUT is possible. 

Address up/down select (AU/D) 

Input pin for selecting the direction of automatic address updating. 

When the TAS signal is input with the AU/D pin set to "H", the internal address counters are set 
to the externally set address for X and to address 0 for Y. Then the address is incremented by 1 
every time RWCK is input. 

When the TAS signal is input with the AU/D pin set to "L", the internal address counters are set 
to the externally set address in the same way for X but set to address 1 023 for Y. Then the 
address is decremented by 1 every time RWCK is input. In either case, the X address is 
automatically incremented or decremented by 1 when read/write operation for 1024 words 
ends. The AU/D pin setting change is possible in any read/write cycle so long as the timing 
specifications for t UDS , tuDH are satisfied. 

Chip select (CS) 

Input pin for disabling all input and output pins. This pin enables parallel use of multiple 
MSM514201s by connecting the data input and output pins. 
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CROSS 

REFERENCE 
LIST 



CROSS REFERENCE LIST 



1 . DYNAMIC RAM , 765 

2. STATIC RAM 770 

3. MASK ROM 771 

4. EPROM 772 

5. E 2 PROM (serial) 774 

6. E 2 PROM 774 

7. OTP 775 



(Note) 



MSM3764 






120 


P.G 



1. DYNAMIC RAM (1/5) 



- Type No. 

Package Material 

-Access Time (ns) max. 

P. PLASTIC J: PLCC 

G: CERDIP YS: SIMM 

C: SIDE-BRAZED KS: SIMP 



Struc- 
ture 


Total 
Bit 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


Texas 


Motorola 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 


NMOS 


64k 


65536 
x 1 


16/18 


MSM3764A-12 


HM4864A-1 




TMS4164A-12 


MCM6665A-12 


*iPD4164A-4 


TMM4164A-2 


M5K4164A-12 


MB8264A-12 


120 


• P.J 


120 


P.G 


120 


P.C 


120 


C 


120 


P.G.C 


120 


P 


120 


P.C 


120 


P.G 


MSM3764A-15 


HM4864A-2 




TMS4164A-15 


MCM6665A-15 


MPD4164A-3 


TMM4164A-3 


M5K4164A-15 


MB8264A-15 


150 


P.J 


150 


P.G 


150 


P.C 


150 


C 


150 


P.G.C 


150 


P 


150 


P.C 


150 


P.G 


NMOS 


256k 


262144 
x 1 


16/18 


MSM41256A-10 








MCM6256-10 








MB81 256-10 


100 


P.J 


100 


P.C 


100 


> 


MSM41256A-12 


HM50256-1 2 




TMS4256-12 


MCM6256-12 


MPD41256-12 


TMM41256C-12 


M5M4256S-12 


MB81256-12 


120 


P.J 


120 


P.G 


120 


P 


120 


P.C 


120 


P.G.C 


120 


P.G 


120 


P.C 


120 




MSM41256A-15 


HM50256-15 




TMS4256-15 


MCM6256-15 


MPD41256-15 


TMM41256C-15 


MSM4256S-15 


MB81256-15 


150 


P.J 


150 


P.G 


150 


P 


150 


P.C 


150 


P.G.C 


150 


P.G 


150 


P.C 


150 


P 


MSM41257A-10 










AiPD41 257-10 






MB81257-10 


100 


P.J 


100 


P.C 


100 


P.C 


MSM41257A-12 


HM50257-12 




TMS4257-12 


MCM6257-12 


MPD41257-12 


TMM41257-12 


M5M41257-12 


MB81' 


257-12 


120 


P.J 


120 


P.C 


120 


P 


120 


P.C 


120 


P.C 


120 


P.C 


120 


P.C 


120 


P.C 


MSM41257A-15 


HM50257-15 




TMS4257-15 


MCM6257-15 


MPD41257-15 


TMM41257-15 


M5M41257 15 


MB81257-15 


150 | P.J 


150 | P.C 


150 


P 


150 | P.C 


150 | P.C 


150 | P.C 


150 | P.C 


150 | P.C 




1. DYNAMIC RAM (2/5) 



Struc- 
ture 


Total 
Bit 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


Texas 


Motorola 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 


NMOS 


256k 


65536 
x4 


18 


MSM41 464-10 


HM50464P-10 








MPD41464C-10 






MB81 464-10 


100 


PJ 


100 


P.J 


100 


P.J 


100 


P.J 


MSM41464-12 


HM50464P-12 








MPD41464C-12 


TMM41464P-12 






MB81464-12 


120 


P.J 


120 


P.J 


120 


P.J 


120 


P.J 




120 


P.J 


MSM4 1464-1 5 


HM50464P-15 








MPD41464C-15 


TMM41464P-15 






MB81464-15 


150 


P.J 


150 


» 


150 


P.J 


150 


P.J 




150 


P.J 


CMOS 


256K 


262144 
x 1 


16(P) 
18(J) 


MSM51 


C256-8 


















80 


P.J 


MSM51C256-10 


















100 


PJ 


CMOS 


1M 


1048576 
x 1 


18(P) 
20(J) 
20(Z) 


MSM51 1000-10 


HM51 1000-10 




TMS4C1024-10 






TC5 11 000-10 


M5M4C1 000-10 


MB81C1 000-10 


100 


PJZ 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


MSM51 1000-12 


HM511 


000-12 




TMS4C1024-12 






TC5 11000-12 


M5M4C1000-12 


MB81C1000-12 


120 | PJZ 


120 


P 


120 | P 


120 


P 


120 


P 


120 


P 


MSM51 1 


001-10 






TMS4C 1025-10 






TC51 1001-10 


M5M4C1001-10 


MB81C1001-10 


100 


PJZ 


100 


P 


100 


P 


100 


P 


100 


P 


MSM51 1001-12 


HM511001-12 




TMS4C1025-12 






TC511001-12 


M5M4C1001-12 


MB81C1001-12 


120 


P.J.Z 


120 


P.J.Z 


120 


P 


120 


P 


120 


P 


120 


P 



1. DYNAMIC RAM(3/5) 



ture 


T Bit a ' 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


Texas 


Motorola 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 








18(P) 


MSM5 11002-10 


HM51 1002-10 




TMS4C1 027-10 








TC51 1002-10 


M 5 M4C 1002-10 


MB81C1 002-10 






1 OAR K7R 

i ,Uf o,y / u 




100 


P.J.Z 


100 


P 




100 


P 








100 


P 


100 


P 


100 


P 






X1 


20(J) 


MSM51 1002-12 


HM5 11002-12 




TMS4C1027-12 








TC51 1002-12 


M5M4C1002-12 


MB81C1002-12 








20(Z) 


120 


P.J.Z 


120 


P 




120 


P 








120 


P 


120 


P 


120 


P 










MSM5 14256-10 


HM514256-10 














TC514256-10 


M5M44C256-10 


MB81C4256-10 










100 


P.J.Z 


100 


P 














100 


P 


100 


P 


100 


P 










MSM514256-12 


HM51 4256-1 2 














TC514256-12 


M5M44C256-12 


MB81C4256-12 






262,144 


20 


120 


P.J.Z 


120 


P 














120 


P 


120 


P 


120 


P 






X4 


MSM514258-10 


HM 5 14258-10 














TC514258-10 


M5M44C258-10 


MB81C4258-10 










100 


P.J.Z 


100 


P 














100 


P 


100 


P 


100 


P 










MSM51 4258-1 2 


HM5 14258-1 2 














TC514258-12 


M5M44C258-12 


MB81C4258-12 










120 


P.J.Z 


120 


P 














120 


P 


120 


P 


120 


P 










MSM514221-3 








TMS4C 1050-3 




















CMOS 


1M 


OCO ICO 


16 


25 


P.G 








25 


P.G. 




















X4 


MSM5 1422 1-6 








TMS4C 1050-6 




























30 


P.G 








50 


P.G. 




























MSM511000A-80 


HM511000A-8 










^PD42 1000-80 


TC511000A-80 


M5M41000A-8 


MB81C1 000-80 










80 


P.J.Z 


80 


P.JP.ZP 










80 


C.LA.V 


80 


P.J.Z 


80 


P.J.L 


80 


CP 










MSM511000A-10 


HM511000A-10 










^PD42 1000-10 


TC511000A-10 


M5M41000A-10 


MB81C 1000-10 










100 


P.J.Z 


100 


P.JP.ZP 










100 


C.LA.V 


100 


P.J.Z 


100 


P.J.L 


100 


CP 








18(P) 
20(J) 
20(Z) 


MSM511001A-80 


HM511001A-8 










//PD421001-80 


TC511001A-80 


M5M41001A-8 


MB81C1001-80 






1,048,576 


80 


P.J.Z 


80 


P.JP.ZP 










80 


C.LA.V 


80 


P.J.Z 


80 


P.J.L 


80 


CP 






X1 


MSM511001A-10 


HM511001A-10 










^PD42100M0 


TC511001A-10 


M5M41001A-10 


MB81C1001-10 








100 


P.J.Z 


100 


P JP.ZP 










100 


C.LA.V 


100 


P.J.Z 


100 


P.J.L 


100 


CP 










MSM511002A-80 


HM511002A-8 










^PD42 1002-80 


TC511002A-80 


M5M41002A-8 


MB81C 1002-80 










80 


P.J.Z 


80 


P.JP.ZP 










80 


C.LA.V 


80 


P.J.Z 


80 


P.J.L 


80 


CP 










MSM511002A-10 


HM511002A-10 










^PD42 1002-10 


TC511002A-10 


M5M41002A-10 


MB81C 1002-10 










100 


P.J.Z 


100 


P.JP.ZP 










100 


C.LA.V 


100 


P.J.Z 


100 


P.J.L 


100 


CP 



1. DYNAMIC RAM (4/5) 



Struc- 
ture 


Total 
Bit 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


Texas 


Motorola 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 


CMOS 


1M 


262,144 


20 


MSM514256A-80 


HM514256A-8 








^PD424256-80 


TC514256A-80 


M5M44256A-8 


MB81C4256-80 


80 


P.J.Z 


80 


P.JP.ZP 


80 


C.LA.V 


80 


P.J.Z 


80 


P.J.L 


80 


CP 


MSM514256A-10 


HM514256A-10 








/.PD424256-10 


TC514256A-10 


M5M44256A-10 


MB81C4256-10 


100 


P.J.Z 


100 


P.JPZP 


100 


C.LA.V 


100 


P.J.Z 


100 


P.J.L 


100 


CP 


MSM514258A-80 


HM514258A-8 








^PD424258-80 


TC514258A-80 


M5M44258A-8 


MB81C4258-80 


80 


P.J.Z 


80 


P.JP.ZP 


80 


C.LA.V 


80 


P.J.Z 


80 


P.J.L 


80 


CP 


MSM514258A-10 


HM514258A-10 








//PD424258-10 


TC514258A-10 


M5M44258A-10 


MB81C4258-10 


100 


P.J.Z 


100 


P.JP.ZP 


100 


C.LA.V 


100 


P.J.Z 


100 


P.J.L 


100 


CP 


NMOS 


2048k 


262,144 
X8 


30 


MSC2304-10 


















100 


YS.KS 


MSC2304-12 


















120 


YS.KS 


MSC2304-15 


















150 


YS.KS 


2304k 


262,144 
X9 


30 


MSC2304-10 


















100 


YS.KS 


MSC2304-12 


HM561003-12 












MH25609-12 




120 


YS.KS 


120 


YS.KS 


120 


YS 


MSC2304-15 


HM561003-15 












MH25609-15 




150 


YS.KS 


150 


YS.KS. 


150 


YS 


262,144 
X8 


30 


MSC2307-10 


















100 


YS.KS 


MSC2307-12 


















120 


YS.KS 


MSC2307-15 


















150 


YS.KS 


2304k 


264,144 
X9 


30 


MSC2307-10 


















100 


YS.KS 



1. DYNAMIC RAM (5/5) 



Struc- 
ture 


Total 
Bit 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


Texas 


Motorola 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 


NMOS 


2304k 


262,144 
X9 


30 


MSC2307-12 


















120 


YS.KS 


MSC2307-15 


















150 


YS.KS 


CMOS 


8M 


1,048,576 
X8 


30 


MSC23 13-10 


















100 


YS.KS 


MSC2313-12 


















120 


YS.KS 


9M 


1,048,576 
X9 


30 


MSC23 12-10 


















100 


YS.KS 


MSC2312-12 


















120 


YS.KS 




STATIC RAM 



Structure 


Total Bit 


Organi- 
zation 


Number 
of Pin 


Oki 


Hitachi 


NEC^ 


Toshiba 


Mitsubishi 


Fujitsu 


SONY 


SHARP 


Motorola 


CMOS 


64k 


8192 
x8 


28 


MSM5165A-10 


HM6264-10 


MPD4364-10 


TC5565-10 


M5M51 65-10 


MB8464-10 


CXK5864-10 




MCM6064-10 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


MSM5165A-12 


HM6264-12 


MPD4364-12 


TC5565-12 


M5M5165-12 




CXK5864-12 




MCM6064-12 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


MSM5165A-15 


HM6264-15 


yuPD4364-15 


TC5565-15 


M5M5165-15 


MB8464-15 


CXK5864-15 






150 


P 


150 


P 


150 


P 


150 


P 


150 


P 


150 


P 


150 


P 


16384 
x4 


22 


MSM51 88-45 


HM6288-45 


MPD4362-45 




M5M51 88-45 




CXK5464-45 






45 


P 


45 


P 


45 


P 


45 


P 


45 


P 


MSM51 88-55 




/iPD4362-55 




M5M51 88-55 




CXK5464-55 






55 


P 


55 


P 


55 


P 


55 


P 


MSM51 88-70 




MPD4362-70 








CXK5464-70 






70 


P 


70 


P 


70 


P 


256k 


32768 

x8 


28 


MSM51257L-85 


HM62256-85 


MPD43256-85 


TC55257-85 


M5M5256-85 








MCM60256-85 


85 


P 


85 


P 


85 


P 


85 


P 


85 


P 


85 


P 


MSM51257L-10 


HM62256-10 


MPD43256-10 


TC55257-10 


M5M5256-10 


MB84256-10 


CXK58256-10 




MCM60256-10 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


100 


P 


MSM51257L-12 


HM62256-12 


MPD43256-12 


TC55257-12 


M5M5256-12 


MB84256-12 


CXK58256-12 


LH52256-12 


MCM60256-12 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


120 


P 


120 P 


120 


P 


Full 
CMOS 


256k 


32768 
x8 


28 


MSM51256-10 






TC55256-10 












100 


P 


100 


P 


MSM51256-12 






TC55256-12 












120 


P 


120 


P 



3. MASK ROM 



Struc- 
ture 


T Bit' 


Or- 
geni 
zation 


Num- 
ber of 
Pin 


Oki 


Fujitsu 


Hitachi 


Matsushita 


Mitsubishi 


NEC 


Suwaseiko 


Sharp 


Toshiba 


NMOS 


64K 


8192 
x8 


28 


MSM3864 








M5M2364 


M PD2364E 




LH2369 


TMM2365 


250 


P 


250 


P 


200 


P 


200 


P 


200 


P 


128k 


16384 
x8 


28 


MSM38128A 






MN23128 


M5M23128 


M PD23128A 




LH23126 


TMM23128 


250 


P 


200 


P 


250 


P 


200 


P 


200 


P 


200 


P 


256k 


32767 
x8 


28 


MSM38256A 










MPD23256A 






TMM23256 


150 


P 


200 


P 


150 


P 


MSM38256 






MN23257 


M5M23256 


MPD23256 




LH23257 




250 


P 


200 


P 


200 


P 


250 


P 


200 


P 


CMOS 


256k 


32767 
x8 


28 


MSM53256 


MB83256 


HN623257 






M PD23C256E 


SMM6325 


LH53257 


TC53257 


150 


P 


250 


P 


150 


P 


150 


P 


250 


P 


250 


P 


150 


P 


1M 


131072 
x8 


28 


MSM531000 


MB831000 


HN62321 


MN231000 


M5M23C100 


MPD23C1000 


SMM23100 


LH531000 


TC531000C 


250 


P 


150 


P 


150 


P 


250 


P 


150 


P 


200 


P 


450 


P 


250 


P 


150 


P 


32 


MSM531001 




HN62321A 






M PD23C1001E 




LH530800 


TC531001C 


200 


P 


150 


P 


200 


P 


150 


P 


150 


P 


4M 


262144 
x 16 


40 


MSM534000 


MB834100A 
















200 


P 


200 


P 


MSM53400A 


MB834100A 
















150 


P 


200 


P 


524288 
x8 


32 


MSM534001A 


MB834000A 


HN62304B 


MN 234002 


M5M23C401 


M PD23C4001 E 




LH534300 


TC53400F 


150 


P 


200 


P 


200 


P 


200 


P 


250 


P 


250 


P 


150 


P 


200 


P 


262144 
x16or 
524288 x 8 


40 


MSM534002A 


MB834200A 


HN62404 


MN234000 


M5M23C400 


juPD23C4000A 




LH534500 




150 


P 


200 


P 


200 


P 


200 


P 


250 


P 


200 


P 


150 


P 



CROSS REFERENCE 



4. EPROM 



Struc- 
ture 


Total 
Bit 


Organi- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


AMD 


ATMEL 


WSI 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 










MSM2764A 


HN482764 


i2764A 


Am2764 






HPD2764D 


TMM2764AD 


M5L2764K 


MBM2764 




64K 


8192x8 


28 


120 
150 
200 
250 


G 


200 
250 


G 


200 
250 


G 


200 
250 


G 










200 
250 


G 


150 
200 


G 


200 
250 


G 


200 
250 


G 










MSM27128A 


HN4827128 


i27128A 


Am27128A 










11PD27128D 


TMM27128AD 


M5L27128K 


MBM27128 


NMOS 








120 
150 
200 
250 


G 


200 
250 


G 


200 
250 


G 


150 
200 


G 










200 
250 


G 


150 
200 


G 


200 
250 


G 


200 
250 


G 








MSM27256 


HN27256 


i27256 


Am27256 










pPD27256AD 


TMM27256AO 


M5L27256K 


MBM27256 




256K 


32768x8 


28 


120 
150 
200 
250 


G 


200 
250 


G 


250 


G 


250 


G 










200 
250 


G 


150 
200 


G 


150 
200 
250 


G 


200 
250 


G 










MSM27512 


HN27512 


i27512 


Am27512 














TMM275120 


M5L27512K 


M8M27512 




512K 


65536x8 


28 


120 
150 
200 
250 


G 


250 


G 


250 


G 


250 


G 














150 
200 


G 


250 


G 


250 


G 










MSM27C256 


HN27C256 


i27C256 




AT27C256 






PPD27C256AD 


TC57256AO 


M5M27C256K 


MBM27C256A 


CMOS 


256K 


32768x8 


28 


100 
120 
150 
200 


G 


200 
250 


G 


250 


G 






120 
150 
170 
200 


G 






120 
150 
200 


G 


120 
150 


G 


120 
150 
250 


G 


150 
200 
250 


G 








MSM27C256H 


HN27C256H 






AT27HC256 


WS57C256F 














256K 


32768x8 


28 


55 
70 


G 


70 
85 


G 










55 
70 
90 


G 


70 


G 



















EPROM 



Struc- 
ture 


Total 
Bit 


Organi- 
zation 


Num- 
ber of 
Pin 


Oki 


Hitachi 


Intel 


AMD 


ATMEL 


WSI 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 






131072 
x8 




MSM271000 


HN27C101G 


i27010 


Am27C010 






11PD27C1001D 


TC57 1000O 


M5M27C101 


MBM27C1001 


NMOS, 


1M 


32 


120 
150 
200 


G 


170 
200 
250 


G 


200 


G 


150 
170 
200 


G 










120 
150 
200 


G 


150 
200 


G 


120 
150 
200 


G 


150 
200 
250 


G 


/CMOS 




65536 
x 16 




MSM271024 
MSM27C1024 


HN27C1024H 


i27210 


Am27C1024 


AT27C1024 




11PD27C1024D 


TC571024D 


M5M27C102 


MBM27C1024 






40 


120 
150 
200 


G 


85 
100 


G 


150 


G 


200 
250 
300 


G 


150 
170 
200 


G 






150 
200 


G 


150 
200 


G 


120 
150 
200 


G 


150 
200 
250 


G 






262144 
x8 




MSM27C2000 
















M5M27C201 




CMOS 


2M 


32 


100 
120 
150 


G 






























100 
120 
150 


G 






131072 
X16 




MSM27C2048 
















M5M27C202 








40 


120 
150 
200 


G 






























100 
120 
150 


G 







5. E 2 PROM (SERIAL) 



Struc- 
ture 



Total 
Bit 



Or- 
gani- 
zation 



Num- 
ber of 
Pin 



Oki 



ASAHI 
KASEI 



HYUNDAI 



Gl 



NS 



CATALYST 



EXEL 



ICT 



SEIKO 



ROHM 



CMOS 



CMOS 



1k 



128 
x8 



64 
x16 



MSM16811 



AK93C46 



HY93C46 



NMC9346 



CAT93C46 



LX93C46 



93C46 



S-2914R 



250 



250 



250 



250 



250 



250 



250 P 



250 



MSM16911 



ER591 1 



CAT59C11 



250 



250 



250 



S-2911R 
250 P 



BR93C46 



250 



2k 



256 
x8 



128 x 
16 



MSM16812 



AK93C56 



CAT35C102 



250 



250 



250 



S-2924R 
250 P 



MSM16911 



ER5912 



CAT35C202 



S-2921R 



250 



250 



250 



250 



BR93C56 



250 



6. E 2 PROM 



Struc- 
ture 


Total 
Bit 


Or- 
gani- 
zation 


Num- 
ber of 
Pin 


Oki 


XICOR 


SEEQ 


ATMEL 


CATALYST 


Hitachi 


NEC 


Fujitsu 


Mitsubishi 


intel 


CMOS 


16k 


2048 
x8 


24 


MSM28C16A 


X2816A 


281 6 A 




CAT28C16A 












150 
200 


P 


200 
250 
300 


P 


250 
300 
350 


P 


150 
200 


P 


64k 


8192 
x8 


28 


MSM28C64A 


X28C64 


28C64 


AT28C64 


CAT28C64A 


HN58C65 


M PD28C64C 


MBM28C64 


M5M28C64AP 


2864A 


120 
150 
200 


P 


150 


P 


250 
300 
350 


P 


150 
200 
250 




150 
200 
250 


P 


250 


P 


200 
250 


P 


250 
350 


P 


150 
200 


P 


200 
250 
350 


P 



7. OTP 



Struc- 
ture 


Total 
Bit 


Organi- 
zation 


Num- 
Pin 


Oki 


Hitachi 


Intel 


AMD 


ATM EL 


WSI 


NEC 


Toshiba 


Mitsubishi 


Fujitsu 










MSM2764AZB 




P2764A 










TMM2464AP 








64K 


8192x8 


28 


150 


P 






250 


P 


















200 


P 


















MSM27128AZB 


HN27128AP 


P27128A 










TMM24128AP 






NMOS 


128K 


16384x8 


28 


150 


P 


200 


P 


250 


P 


















200 


P 
















MSM27256ZB 


HN27256P 


P27256A 










TMM24256BP 


M5M27256P 






256K 


32768x8 


28 


170 


P 


250 


P 


250 


P 


















170 
200 


P 


250 


P 














MSM27512ZB 


HN27512P 


P27512 








11PD27C512C 


TMM24512AP 


M5M27512P 






512K 


65536x8 


28 


200 


P 


250 


P 


250 


P 














150 
200 


P 


200 
250 


P 


250 


P 














MSM27C256ZB 














TC54256AP 


M5M27C256P 


MBM27C256AP 


CMOS 


256K 


32768x8 


28 


150 


P 


























200 


P 


200 


P 


200 


P 






131072 
X8 




MSM271000ZB 


HN27C101 












TC541000P 


M5M27C100P 




NMOS . 


1M 


32 


200 


P 


200 


P 






















200 


P 


200 


P 






/CMOS 




65536 
X16 




MSM271024ZB 
















M5M27C102P 








40 


170 


P 






























200 


P 







o 
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CMOS RAM BATTERY BACK-UP 



A practical example of formation of non- 
volatile data by CMOS static RAM battery 
back-up is outlined below. 



Note: CS floating capability 

Power down possible irrespective of other input 
levels when memory has not been selected (i.e. 
when CS = H). 



1 . System power and battery switching 
circuit 

The simplest RAM power supply (CMOS Vcc) is out- 
lined in Fig. 1. In this case, the CMOS Vcc for normal 
operation is kept at a voltage 0.7V below the system 
voltage by the voltage drop across a diode (forward 
direction). 




Fig. 2 is an example of use of a chargeable Ni-Ca battery 
as the back-up battery. While the system power is being 
employed, the Ni-Ca battery is gradually charged up via 
Rc. As in Fig. 1, the diode voltage drop also poses a 
problem in this circuit. 



System 
battery 



-►- 



D2 (optional) 
' — ► TTL Vcc 



-*f- 
D1 



► CMOS Vcc 

Rc 

jr Ni-Ca battery 

4 



Fig. 2 

The conditions for formation of non-volatile data (data 
retention) by battery back-up are listed below. 

(1) * The input signal H level must not exceed Vcc + 

0.3V when the CMOS RAM Vcc power voltage is 
dropped. 

(2) C~E (or CS) must maintain CMOS Vcc "H" level. 

(3) In order to minimize power consumption, WE, 
AD, DIN (or I/O) must be set to GND level or to 
the same "H" level as CMOS Vcc. (This is not 
necessary, however, for CMOS RAMs with chip 
select floating capability). 



Consequently, if the TTL Vcc level is greater than the 
CMOS RAM supply voltage, and the RAM driver is at 
the TTL Vcc level, the CMOS RAM input voltage will 
exceed CMOS Vcc + 0.3V (a situation which must be 
avoided). Therefore, in order to reduce the voltage 
difference between CMOS Vcc and TTL Vcc with the 
battery voltage set to at least 4.5V or 4.75V (due to 
the RAM operating supply voltage range), the D2 diode 
may be added to abtain a system voltage level at least 
0.7V above 4.5 ~ 4.75V (which will keep CMOS Vcc 
and TTL Vcc within the respective CMOS and TTL 
operating supply voltage ranges). 

To cope with (1) and (3), a CMOS driver which will also 
operate at a low voltage Vcc during data hold may be 
employed, or else, the open collector and open drain 
buffer may be pulled up to CMOS Vcc in order to drive 
the RAM. 

A control circuit for coping with (2) when an abnormal 
system power supply is detected is also required. 



2. Switching Circuit Modifications 

Modification of the diode switching circuit can employ 
PNP transistors. Voltage drops by PNP transistor Vq^ 
are smaller by about 0.2V, and this can lead to the 
generation of a system "power fail" signal. 




Fig. 3 

Fig. 3 outlines a switching circuit employing a PNP 
transistor. The Rc used when a chargeable battery is 
employed is replaced by a diode when a non-chargeable 
battery is used. In this case, switching occurs at the 
zener diode voltage, so "power fail" must be detected 
by another circuit, and CE set to CMOS Vcc "high" 
level. 
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■ APPLICATIONS m 



Figs. 4 and 5 are examples of circuits capable of generat- 
ing a POWER FAIL output signal. In these circuits, the 
C2 capacitance must be rather large, the important 



point being the need for a smooth gradual change in 
CMOS Vcc when the system power is cut. See next page 
for further details. 



System ^ 
battery gj+ 



->TTL Vcc 



POWER. 
FAIL 




> CMOS Vcc 




Qi 
Q 2 
Ri 
R 3 
R 5 
Di 



: 2N2907 or 2SA495 
: 2N2222 or 2SC372 
: 10K 



: 1K R2 
: 500 R4 
:3.6V Rc 

Ni-Cad : 



100 
47K 
200 
3.6V 



(70mAH) 



Fig. 4 



System ^ 
battery 




-> POWER FAIL signal 
TTL Vcc or system Vcc 



70L 
MOSFET 



-> CMOS Vcc 



— Ni-Cad 
T 500mA H 



Fig. 5 



System battery q 



Y 



rrn -fh 



Battery 

0 -J" |L|Load ^. 3V ce>3V 7 



Cj = C2 ■+ (another decoupling capacitor) GND 




4 g V ^ Determined by Cj 



Fig. 6 



Example. 
3V > 2.0V 



CMOS Vcc 
-0.1 -0.2V 
> 1.5V 
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■ APPLICATIONS ■ 



3. Data Retention Mode 



The RAM driver (peripheral circuit) is determined 
according to conditions (1) and (3) required for data 
retention. In Oki Electric CMOS RAMs, the power 
voltage during data retention is kept at a minimum of 
2.0V. The CE~ (or CS) voltage at this time has to be kept 
at about Vcc -0.2V. And as was mentioned earlier, the 
CMOS Vcc must drop smoothly when the system power 



is cut until it reaches the power voltage for data reten- 
tion (practically equivalent to the battery voltage, or 
else reduced by the diode voltage drop). And although 
CE traces the slope of CMOS Vcc reduction at this time, 
a smooth change in CE is also a necessary condition for 
actual circuits. 

(4) When switching to retention mode, or from reten- 
tion mode to operation mode, CE must exhibit a 
smooth change. If noise is generated in CE in this case, 
the data will be subject to rewriting. 



Operation mode 



CMOS Vcc 5V ±10% 



CE input Vjh = 
Vcc - 2.0V 
(MIN) 

Other inputs V||_ = 
0.8V (MAX) 

GND 



Data retention mode 




2.0V (MIN) 



M h ► 

t ~ u May be longer 



Fig. 7 



(5) When switching to operation mode, commence 
operation after elapse of tRc ( read c V c,e time ) following 



Vcc reaching the operating power voltage range. 



Data 

retention 
mode 



CMOS Vcc 




Operation 
mode 



CMOS Vcc = 5V±10% 



,2.5V (MIN) 



CE^ 
GND 



May be longer 



V| H = Vcc -2.0V 

2.5V = 1/2Vcc (MIN) 



CE Vj L = 0.8V (MAX) 
- GND 



tRC mm. 



Fig. 8 
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■ APPLICATIONS Mr 



4. Interfacing 



A) TTL Interface 

In the case of CMOS RAM drive by TTL, use an open- 
collector type TTL according to conditions (1) and (3). 



When the system power line (i.e. TTL Vcc) is cut, the 
open-collector TTL Q2 in Fig. 9 is turned off, followed 
by Q1 also being turned off, resulting in the CMOS 
RAM input being pulled-up to CMOS Vcc. 



TTL Vcc 



CMOS Vcc 



Switching circuit 




1K* 



Vcc 

IN 

CMOS 
RAM 




System power line 
or TTL Vcc 



Fig. 9 



When the power line voltage in LS type TTL is dropped 
to ground, the output is also dropped to ground, 
thereby making the pull-up resistors for address line 
buffers etc no longer necessary. In this case, however, it 
will not be possible to employ this as a control line 
buffer which must be switched to "high" during CE (or 
CS) data retention. 

(6) In order to minimize the consumption current 
during data retention, all inputs except CE (or CS, this 
being designated as either "high" or "low") must be 



maintained at either GND or CMOS Vcc. (This does 
not apply, however, for CMOS RAMs equipped with CS 
floating function). 

B) CMOS Interface 

In systems where the CMOS RAM is driven by CMOS 
buffer, operation must be at the data retention power 
voltage, and the corresponding output voltage must 
satisfy the requirements indicated in Figs. 7 and 8. 




5. Miscellaneous 



Fig. 10 



In order to further reduce power consumption during 
data retention by even a small margin, the use of a MOS 
FET as the transistor generating the POWER FAIL 
output signal is recommended. This is in order to 
prevent flow of current from the 14kft resistor. 
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APPLICATION NOTE OF KANJI GENERATION 
MASK ROM 



1. KANJI GENERATION MEMORIES 





IC 
models 


Number 
of codes 


Character storing 
capacity 


Config- 
uration 


Character 
style 


Bit 
capacity 


Access 
time 


Scan 
system 




MSM38256-19 
I 

MSM38256-22 


4 


J IS standard No. 1 


15 x 16 


OKI gothic 










MSM38256-32 
I 

MSM38256-35 


4 


JIS standard No. 2 


15x 16 


OKI gothic 


256K bits 






d memories 


MSM38256-10 

I 

MSM38256-18 


9 


JIS new standard 
No. 1 


24 x 24 


JIS new 
standard 






MSM38256-38 

I 

MSM38256-46 


9 


JIS new standard 
No. 2 


24 x 24 


character style 
C6234-1983 




250ns 


Row 
scan 
system 


Idle spee 


MSM53 1000-1 1 


1 


JIS new standard 
No. 1 


15x16 


OKI gothic 










MSM531000-12/I3 


2 


JIS new standards 
No. 1 and No. 2 










MSM53 1000-05 
I 

MSM531 000-07 


3 


JIS new standard 
No. 1 


24x24 


JIS new 
standard 


1 M bits 








MSM531 000-08 
I 

MSM531000-10 


3 


JIS new standard 
No. 2 


character style 
C6234-1983 
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■ APPLICATIONS m- 



2. MSM38256 SERIES 
2-1 15 x 16 Font 

(1 ) Model names 

MSM38256-19~22 (four codes); J IS standard No. 1 (2,965 characters) + Non-kanji (524 characters) 
MSM38256-32~35 (four codes); JIS standard No. 2 (3,384 characters) 

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 
active at "LOW". 



(2) Split character patterns, and their storage 
• Split character patterns 





#1,#3 


#2, #4 


A 3 


A 2 


Ai 


Ao 


D 

7 


D 
6 


D 

5 


D 
4 


D 
3 


D 
2 


D 
1 


D 

0 


D 
7 


D 

6 


D 
5 


D 
4 


D 

3 


D 

2 


D 
1 


D 

0 


0 


0 


0 


0 I 
































0 


0 


0 


1 


































0 


0 


1 


0 


































0 


0 


1 


1 


































0 


1 


0 


o ■ 






I 






0 


1 


0 




















I 
















0 


1 


1 


0 
































! 


0 


1 


1 














- 
















= 








0 


0 






































0 


0 


















0 


1 






































0 


1 






































1 


0 






































1 


0 






































1 


1 


o 1 


































1 


1 


1 I 

































•The character patterns are standard OKI 
character patterns. 

• Each character consists of two chips. 
•Character data is generated at high level, and 

background data is generated at low level. 
•Character data is stored in a 16 x 16 dot 

pattern area, left-justified. 




(K = 1024) 



2K characters 



• Each group of four chips forms one set to 
store about 4K characters. 



2K characters 





#1 


#2 


#3 


#4 


JIS standard No. 1 


MSM38256-19 


MSM38256-20 


MSM38256-21 


MSM38256-22 


JIS standard No. 2 


MSM38256-32 


MSM38256-33 


MSM38256-34 


MSM38256-35 
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■ APPLICATIONS ■ 



(3) Address code conversions 

Convert the address code as indicated below to access character patterns with the kanji codes JIS 6226 and JIS 6220. 




~~ ■ — - — code 
Type of character — 


C6226 


ROM address 


x 7 


Xe 


x 5 


A 15 * 


A 14 


A13 


A12 


An 


A10 


A 9 


A 8 


A 7 


Ae 


A 5 


A4 


Non-kanji (sections 1—15) 


0 


1 


0 


Y 7 


Y 6 


x 3 


x 2 




0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 1 kanji (sections 16-31) 


0 


1 


1 




X 4 


x 3 


x 2 


x 1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 1 kanji (sections 32 ~ 47) 


1 


0 


0 


>r 5 


X 4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 2 kanji (sections 48 ~ 63) 


1 


0 


1 




X4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 2 kanji (sections 64 ~ 79) 


1 


1 


0 




X4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 2 kanji (sections 80 ~ 90) 


1 


1 


1 


Y 7 


Y 6 


x 3 


x 2 


X1 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 



* Use Ajs as a CE control signal because it is not supported as a ROM address. (For further details, see the circuit 
example.) 



(4) 15 x 16 font circuit configuration example 



P Byte 1 X 8 ~X t ^ > 
E Byte2 Y 8 ~y7^ ) 



T3 > 

~o C 
< o 



Conversion_ 
rule choice 



Y 8 =0, 

x a ~x,= 



21H-28H 



30H-4FH 



50H-6FH 



70H-77H 



A ~A 



t 



Font data 



16 bit 



Chip 




1 


2 



String address 

in a character CE 



vlon-kanji 



0 



Chip 




1 


2 



CE 



JIS standard No. 1 
ROM select 



; JIS stan- 
dard No. 1 



JIS standard No. 2 ROM select 



JIS stan- 
dard No. 2 



9TI 



JIS standard FF 
No. 1 ROM 
module 



37 



JIS standard 
No. 2 ROM 
module 
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■ APPLICATIONS » 



2-1 24 x 24 Font 

(1) Model names 

MSM38256-1 0-1 8 (nine codes); JIS new standard No. 1 (2,965 characters) + Non-kanji (524 characters) + Half-size 
characters (1 59 characters). 

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 
active at "LOW". 



(2) Split character patterns, and their storage 
• Split character patterns 




•The character patterns are standard JIS 
character patterns. 

• Each character consists of nine chips. 
•Character data is generated at high level, and 
background data is generated at low level. 



• Storage 



#1 


#2 


#3 


#4 


#5 


#6 


#7 


#8 


#9 



(K = 1024) 



4K characters 





JIS standard No. 1 


JIS standard No. 2 


#1 


MSM38256-10 


MSM38256-38 


#2 


MSM38256-1 1 


MSM38256-39 


#3 


MSM38256-12 


MSM38256-40 


#4 


MS M3 8256-1 3 


MSM38256-41 


#5 


MSM38256-14 


MSM38256-42 


#6 


MSM38256-15 


MSM38256-43 


#7 


MSM38256-16 


MSM38256-44 


#8 


MSM38256-1 7 


MSM38256-45 


#9 


MSM38256-18 


MSM38256-46 



786 



■ APPLICATIONS ■ 



(3) Address code conversions 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 




Byte 1 


Byte 2 


x 8 




x 6 


x 5 


x 4 


x 3 


x 2 


x, 


Y 8 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y, 



C6220 


z 8 


z 7 


z 6 


z 5 


z 4 


z 3 


z 2 


z, 



— code 
Type of character " 


C6226 


ROM address 


x 7 


Xe 


x 5 


A 14 


A13 


A 12 


An 


A10 


A 9 


A 8 


A 7 


Ae 


A 5 


A 4 


A 3 


Non-kanji (sections 1 — 15) 


0 


1 


0 


Y 7 


Y 6 


x 3 


X 2 


x 1 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 




JIS standard No. 1 kanji (sections 16-31) 


0 


1 


1 


x 5 


X 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 1 kanji (sections 32 ~ 47) 


1 


0 


0 


x 5 


X 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 48 ~ 63) 


1 


0 


1 


% 


x 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 64 ~ 79) 


1 


1 


0 


% 


x 4 


x 3 


X 2 


X 1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 80 ~ 94) 


1 


1 


1 


Y 7 


Y 6 


x 3 


X 2 


Xi 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


Half size character 








0 


0 


z 8 


z 7 


Ze 


0 


0 


z 5 


z 4 


z 3 


z 2 


Zi 



(4) 24 x 24 font circuit configuration example 



3^ 

Chip select 




Font data 



24 bit 



8 



IS standard 
No. 1 ROM 
module 



JIS standard No. 1 
ROM select 
-JIS standard 
No. 1 



JIS standard No. 2 
ROM module 



JIS standard No. 2 ROM select 
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■ APPLICATIONS ■ 



3. MSM531 000 SERIES 
3-1 15x16 Font 

(1) Model names 

MSM531000-11RS (one code); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + Half-size • 
character (204 characters) + Special character (200 characters) 



(2) Split character patterns, and their storage 
• Split character patterns 







A 


16 




0 




A 


6 


= 1 




A 3 


A 2 


A, 


Ao 


D 
7 


D 
6 


D 
5 


D 
4 


D 
3 


D 
2 


D 
1 


D 
0 


D 
7 


D 
6 


D 
5 


D 
4 


D 
3 


D 
2 


D 
1 


D 

0 


0 


0 


0 


0 


























0 


0 


0 


1 




























0 


0 


1 


0 


























0 


0 


1 


1 




























0 


1 


0 


0 












0 


1 


0 


1 






















0 


1 


1 


0 














J 








0 


1 


1 


1 








5 


















0 


0 


0 


























0 


0 


1 
















0 


1 


0 




























0 


1 


1 




























1 


0 


0 






























1 


0 


1 






























1 


1 


0 




























1 


1 


1 



























•The character patterns are standard OKI 

character patterns. 
• Each character consists of one chip. 
•Character data is generated at high level, and 

background data is generated at low level. 
•Character data is stored, right-justified. 



(3) Address code conversions 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 





Byte 1 


Byte 2 


C6226 


x» 


x 7 


x 6 


x, 


x 4 


x 3 


x 2 


x, 


Y, 


Y 7 


Y 6 


Y, 


Y 4 


Y 3 


Y, 





C6220 


z. 


z 7 


z« 


z, 


z 4 


z 3 


z 2 


Zi 



~ — — code 
Type of character ~ ~^ — 


C6226 


ROM address 


x 7 


Xe 


x 5 


A 15 


A14 


A13 


A« 


An 


A10 


A 9 


A 8 


A 7 


Ae 


A 5 


A 4 


Non-kanji (sections 1 ~ 1 5) 


0 


1 


0 


Y 7 


Y 6 


x 3 


X 2 


X, 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 1 kanji (sections 16-31) 


0 


1 


1 


Xs 


x 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 1 kanji (sections 32 ~ 47) 


1 


0 


0 


x^ 


x 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y, 


Half size character 








0 


0 


Zs 


z 7 


Z6 


0 


0 


z 5 


z 4 


z 3 


z 2 


Zi 



788 



■ APPLICATIONS ■ 



3-2 15x16 Font 

(1 ) Model names 

MSM531000-12, 13RS (two codes); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + JIS 
standard No. 2 (3,388 characters) + Special graphic characters (404 characters) + IBM kanji (360 characters) 



(2) Split character patterns, and their storage 
• Split character patterns 





531000-12 


531000-13 








Ao 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


A 3 


A 2 


Ai 


7 


6 


5 


4 


3 


2 


1 


0 


7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


0 


0 


























0 


0 


0 


1 




























0 


0 


1 


0 


























0 


0 


1 


1 




























0 


1 


0 


0 












0 


1 


0 


1 






















0 


i 


1 


0 






















0 


1 


1 


1 








EH 








i 










0 


0 


0 


























0 


0 


1 
















0 


1 


0 




























0 


1 


1 




























1 


0 


0 






























1 


0 


1 






























1 


1 


0 




























1 


1 


1 



























•The character patterns are standard OKI 
character patterns. 

• Each character consists of two chips. 
•Character data is generated at high level, and 

background data is generated at low level. 

• Character data is stored, right-justified. 



(3) Address code conversions 

Convert the address code as indicated below to access the character patterns with the kanji code of JIS 6226. 



Byte 1 


Byte 2 


x 8 


x, 


x 6 


x 5 


x 4 


x 3 


x 2 


x, 


Y 8 


Y 7 


Y 6 


Y s 


Y 4 


Y 3 


Y 2 


Y 1 



C6226 



~~~~ - — code 
Type of character^^-- — 


C6226 


ROM address 


x 7 


Xe 


x 5 


Aie 




A i4 


A13 


A« 


An 


A10 


A 9 


A 8 


A 7 


Ae 


A 5 


A 4 


Non-kanji (sections 1—15) 


0 


1 


0 


x 7 


Y 7 


Y 6 


x 3 


x 2 


Xi 


0 


0 


Y 5 


Y 4 


Y 3 


.Y 2 


Yi 


JIS standard No. 1 kanji (sections 16-31) 


0 


1 


1 


x 7 


>Q 


X 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


V 3 


Y 2 


Yi 


JIS standard No. 1 kanji (sections 32 - 47) 


1 


0 


0 


x7 


x 5 


X 4 


x 3 


X 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 48 - 63) 


1 


0 


1 


x 7 


x 5 


X 4 


x 3 


x 2 


Xi 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 64 - 79) 


1 


1 


0 


x 7 


x 5 


x 4 


x 3 


X 2 


x 1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 80 - 94) 


1 


1 


1 


x 7 


Y 7 


Y 6 


x 3 


X 2 


X! 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 
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■ APPLICATIONS » 



3-3 24x24 Font 

(1 ) Model names 

MSM531 000-05-07 (three codes): JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + half-size 
characters (1 59 characters) 

MSM531 000-08-10 (three codes): JIS standard No. 2 (3,388 characters) 



(2) Split character patterns, and their storage 
• Split character patterns 




• The character patterns are in accordance with 
the requirements of JIS C6234. 

• Each character consists of three chips. 

• Character data is generated at high level, and 
background data is generated at low level. 





JIS standard No. 1 


JIS standard No. 2 


#1 


MSM531 000-05 


MSM531 000-08 


#2 


MSM531 000-06 


MSM531 000-09 


#3 


MSM531 000-07 


MSM531 000-10 



(3) Address code conversions 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 





D..*_ 1 




C6226 


x 8 


x 7 


x 6 


x, 


IB I 

x 4 


x 3 


x 2 


x, 


Y. 






o y 

Y 5 


Y 4 


Y 3 


Y, 


Y, 



C6220 


z. 


Z, 


z* 




z 4 


z 3 


z 2 


z. 



code 

Type of character — 


C6226 


ROM address 


x 7 


Xe 


x 5 


Ale 


A 15 


A 14 


A 13 


A 12 


An 


A10 


A9 


As 


A 7 


Ae 


A 5 


Non-kanji (sections 1—15) 


0 


1 


0 


Y 7 


Ye 


x 3 


x 2 


X1 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 1 kanji (sections 16-31) 


0 


1 


1 


x 5 


X 4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yr 


JIS standard No. 1 kanji (sections 32 ~ 47) 


1 


0 


0 


X~ 5 


X 4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Yi 


JIS standard No. 2 kanji (sections 48 ~ 63) 


1 


0 


1 


x; 


X 4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 2 kanji (sections 64 ~ 79) 


1 


1 


0 


X~ 5 


X4 


x 3 


x 2 


X1 


Y 7 


Y 6 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


JIS standard No. 2 kanji (sections 80 ~ 94) 


1 


1 


1 


Y 7 


Y 6 


x 3 


x 2 


X1 


0 


0 


Y 5 


Y 4 


Y 3 


Y 2 


Y1 


Half size character 








0 


0 


z 8 


z 7 


Ze 


0 


0 


Z5 


z. 


z 3 


z 2 


Z1 
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Oki Semiconductor 

785 North Mary Avenue. Sunnyvale. CA 94086. US A Tel: 408-720-1900 Fax: 408-720-1918 



For further information please contact: 



Three Crossroads 
of Commerce. Suite 590 
Rolling Meadows. IL 60008 
312 870-1400 



17177 N Laurel Park Dr 
Livonia. Ml 48152 
313 464-7200 



360 Kiely Blvd 
Suite 115 

San Jose. CA 95129 
408 244-9666 



15260 Ventura Blvd 
Suite 720 

Shemnan Oaks. CA 91403 
818 990-3394 




2302 Martin St 
Suite 250 
Irvine. CA 92715 
714 752-1843 



2007 N Collins Blvd 
Suite 303 

Richardson. TX 75080 
214 690-6868 



205 South Ave Suite 100 
Poughkeepsie. NY 12601 
914 473-8044 



91 Montvale Ave 
Stoneham. MA 02180 
617 279-0293 

440 Lakeside Dr 
Horsham. PA 19044 
215 674-9511 



5672 Peachtree Pkway 
Suite F 

Norcross. GA 30092 
404 448-7111 

7301 W Palmetto Park Rd 
Suite 210B 
Boca Raton. FL 33433 
407 394-6099 



Oki Electric Industry Co.. Ltd. 
Head Office Annex 
7-5-25 Nishishmiuku. 
Shiniuku-ku. Tokyo 160. Japan 
Tel 3-5386-8100 
Fax 3-5386-8110 
Telex J27662 OKIDENED 
Electronic Devices Group 
Overseas Marketing Dept 



Oki Semiconductor 

785 North Mary Avenue 
Sunnyvale. CA 94086. USA 
Tel 408 720 1900 
Fax 408-720-1918 
Telex 296687 OKI SNTA 



Oki Electric Europe GmbH 

HellersbergstraRe 2 
D-4040 Neuss 
Fed Rep of Germany 
Tel 2101-15960 
Fax 2101-103539 
Telex 8517427 OKI D 



Oki Electronics (Hong Kong) Ltd. 

Suite 1801-4. Tower 1. 

China Hong Kong City. 

33 Canton Road. Tsim Sha Tsui. 

Kowloon. Hong Kong 

Tel 3-7362336 

Fax 3-7362395 

Telex 45999 OKIHKHX 



c Oki Semiconductor 
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